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C. B. JOLLIFFE 
Chairman, 1929 Convention Committee 


All of the activities of the Institute are sponsored by and accomplished 
through the voluntary work of the many Institute Committees. ‘The success of 
the recent Fourth Annual Convention in Washington is due to the splendid work 
of the various committees under the chairmanship of Dr. C. B. Jolliffe of the 
Bureau of Standards. 

Associated with Dr. Jolliffe as chairmen of the subcommittees were: 
Thomas McL. Davis, registration and arrangements; Mrs. L. W. Austin, ladies' 
committee; S. S. Kirby, trips; F. P. Guthrie, dinner and entertainment; A. E. 
Kennelly, fellowship; W. G. H. Finch, publicity. 


INSTITUTE NEWS AND RADIO NOTES 


June Meeting of the Board of Direction 


At the June 5th meeting of the Board of Direction, the following 
Board members were present: A. Hoyt Taylor, President, Melville 
Eastham, Treasurer, Alfred N. Goldsmith, Junior Past President, John 
M. Clayton, Secretary, Arthur Batcheller, W. G. Cady, J. H. Dellinger, 
J. V. L. Hogan, L. M. Hull, and R. H. Marriott. 

The following were transferred or elected to higher grades of mem- 
bership in the Institute: Elected to the grade of Member: A. Zacek, 
Y. Watanabe, M. H. Sehrenk, J. A. Ratcliffe, T. Nakamura, and H. 
Rothe. Transferred to the grade of Member: Carl H. Butman, L. C. 
Young, and W. H. Gerns. 

One hundred and three Associate members and thirty Junior mem- 
bers were elected. 

It was decided by the Board that in view of the growing interest of 
engineers in telegraph and telephone engineering methods as applied to 
radio problems, the Institute PRocEEpiNGS will contain a moderate 
proportion of papers on the subject of telegraph, telephone, and cable 
engineering. 

The following resolution dealing with a revision of the Institute's 
poliey with regard to standardization was adopted by the Board: 


“The Board of Direction of the Institute, believing that the urgent 
need for reasonably rapid progress in radio standardization calls for re- 
vision of its policy with respect to the position of the Institute in standardi- 
zation, (and partieularly with respect to the need for conjoint consideration 
of such questions by representatives of numerous and widely diverse in- 
terests), now recognizes the scope of the Institute in standardization with 
respect to radio communication and the closely allied fields of science and 
technology as the following: 

1. Nomenclature, symbols, and definitions. 

2. Methods of testing apparatus, equipment, devices, and materials 
used in radio communication. 

3. Acceptable limits for performance, ratings, capacities, operation, 
and other characteristics and standards for such apparatus, equipment and 
devices. 

4. Standardization of sizes and dimensions, and electrical and mechan- 
ical characteristics of parts, apparatus equipment, and devices to provide 
for interchangeability and interworking, or economy in manufacture and 
use. 

5. Standardization of specifications governing quality of material and 
methods of test therefor. 

6. Establishment of provisions for safety of operating and other per- 
sonnel in relation to radio equipment. 
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“The Board accordingly adopts the policy of promoting such standard- 
ization through the activities of the Institute’s Standardization Committee 
and through its sponsorship of the Sectional Committee on Radio of the 
American Standards Association.” 

As the official delegates of the Institute at the World Engineering 
Congress to be held in Tokio in October of 1929, the Board nominated 
F. B. Jewett and C. W. Latimer. Mr. Latimer is to present the sym- 
posium paper prepared in behalf of the Institute by à Committee com- 
posed of Alfred N. Goldsmith, E. L. Nelson, Julius Weinberger, D. G. 
Little, A. B. Clark, and J. H. Dellinger. The title of this contribution is 
“Technical Achievements in Broadcasting and its Relation to National 
and International Solidarity," the component parts of which are. 
Introduction, Radio Broadcast Transmitters and Related Transmis- 
sion Phenomena, The National Broadcasting Company—A Technical 
Organization for Broadeasting, Speech Input Equipment, Wire Line 
Systems for National Broadcasting and Radio Broadcasting Regu- 
lation and Legislation. 


Year Book and Standardization Report 


To enable the 1920 Year Book to be mailed with the May issue of 
the PRocEEDINGs it was necessary to advance the mailing date of this 
issue considerably. Any member of the Institute not having received a 
copy of the Year Book by this time should notify the Institute Office. 

The 1929 Year Book contains the complete report of the 1928 Com- 
mittee on Standardization—representing a work of some one hundred 
pages. For the past two years the subcommittees of the Committee on 
Standardization and the main Committee itself, have been very active 
in the preparation of the 1928 report which represents the best 
thoughts on the subject of standardization the Institute was able to 
obtain throughout the entire world. 

Reprint copies of the Standardization Report, alone, are available 
for distribution to members of the Institute free of charge upon appli- 
cation to the Institute office. The price to others is one ($1.00) dollar 
per copy. 


European Radio Conference, Prague, 1929 

Translation of Final Protocol* of the European Radio Conference 
at Prague, 1929, signed by the delegations from the Telegraph Admin- 
istrations of Germany, Austria, Belgium, Bulgaria, Denmark, Spain, 
Esthonia, Finland, France, Great Britain, Greece, Hungary, Irish Free 
State, lecland, Italy, Latvia, Kingdom of Monaco, Norway, The 
Netherlands, Poland, Roumania, Kingdom of Serbs, Croats and 

* French text in Journal T'eligraphique, April, 1929. 
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Slovenes, Sweden, Switzerland, Czechoslovakia, Turkey, and the 
Union of Soviet Socialist Republics. 
A 
The European Radio Conference of Prague, after having heard the 
delegations and experts present, and in conformity with the reports of 
its committees, recommends that the Administrations agree to the 
following: 
I 


The European Administrations recognize the necessity for them to act in 
common, to protect their mutual interest in brozdeasting matters. They will 
take the necessary measures to conform as soon as possible to the plan of wave- 
length allocation which has been established by the Prague Conference. (Annex). 

In the future the following manner of procedure will be adhered to: 

Some modifications may be made in this plan either by direct, arrangements 
between the interested Administrations (on condition that these arrangements 
do not interfere with the rights of third parties), or by collective action of the 
Administrations who have agreed to the provisions of the Prague Conference. 

It is desirable that any new arrangements be made in consultation with the 
International Radiophone Union. These arrangements should be made known 
to other Administrations through the International Bureau of the Telegraph 
Union. 

The collective action of these administrations will be exercised by the dele- 
gates authorized from each Administration, who will group themselves together 
into a committee to be assembled each time the majority of European Adminis- 
trations pronounce themselves in favor of a request for such a meeting made by 
an Administration, through the intermediary of the International Bureau of the 
Telegraph Union, for the examination of important questions of mutual interest, 
and especially with a view to remedying serious faults which shall have mani- 
fested themselves in the application of the allocation plan now in effect; and to 
establish new allocation plans. 

The International Radiophone Union may be used for expert advice when 
it is question of such a collective action. However, when it is to be ealled in as 
technical adviser and expert, the International Radiophone Union must be 
ready to receive with the same rights as its other members all the Government 
organizations carrying on broadcasting service, and must have received those 
which have made such a request for membership. The programs for meetings 
of the International Radiophone Union shall be notified to the Administrations 
through the International Bureau of the Telegraph Union. 

The International Radiophone Union must, moreover, admit as observers, 
in all its organizations, representatives of Administrations who shall have ex- 
pressed a wish to be so admitted, as well asof the International Telegraph Union, 
for the study of questions whose solution might necessitate the intervention or 
agreement of the said Administrations. 

Transmitting stations will be required to maintain a stability of the waves 
used, with all the accuracy which technical methods permit. 

The Belgian Administration is requested to be good enough, as a provisional 
measure, and with no charges nor responsibilities accruing to it, to have meas- 
ured, in such a way as it may choose, the waves transmitted by broadcast 
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Stations, and to communicate the results of these measurements to all the 
Administrations through the intermediary of the International Bureau of the 
Telegraph Union. 


IT 


The wave, 1124 meters (267 ke) used by the German criminal police is 
recognized as carrying on an international service from Germany with other 
European nations. In accordance with the provisions of Article 5, Paragraph 14 
of the Washington Regulations, the waves of 89.5 ke (3350 m) and 45 ke (6660 m) 
are allocated for synoptic meteorological messages. 


B 


The Conference has decided to request the Czechoslovak Admin- 
istration to be kind enough to express to the Administration of the 
Netherlands its desire to have the following questions studied by the 
C.CA.R. at the next meeting at the Hague: 


1. The proper separation to be maintained between wavelengths for radio 
transmissions of all kinds. 

2. Stability control for all radio transmissions. 

3. The allocation of short waves for aviation and for the criminal police. 

4. The allocation of short waves for national services. 

5. Power limitation for broadcast stations, and the proper formula to be 
used for regulating such limitation. 

6. Frequency separation in cycles to be maintained between stations in 
adjacent bands. 

7. Study of the organization for a permanent international service for fre- 
queney measurements. 


no 


The Conference adopts the following resolutions: 


1. Concerning the Plan of Prague. 

It is desirable that the Administrations: 

a. Reduce to the greatest extent possible, in conformity with national re- 
quirements, the number of broadcasting stations of low power; and limit in the 
future, in the band from 200-545 meters, the power of stations to the absolutely 
necessary value required to earry on a suitable service within the normal and 
regular service area delined by the laws of radio propagation. 

b. Should use, whenever circumstances permit it, for stations of local or 
even regional interest, common national waves, earefully synchronized, and 
working on an exelusive wave for the transmission of the same program. 

c. Carry on the strictest regulation requiring broadcasting transmitters to 
give reasonable guarantees from a technieal standpoint as to their operation, and 
especially to require such stations to take all possible precautions to avoid trans- 
mission of harmonies of the fundamental wave, and not to modulate beyond 
reasonable limits. 

d. Formulate the strictest requirements in order that transmissions from 
other radio services working outside the broadcast. bands should be free from 
harmonies capable of interfering with radiotelephone transmissions. 
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e. Should study from now on, in view of the Madrid Conference, a better 
arrangement of wavelength bands allocated to different radio services, seeking 
for each type of transmission, in the light of technical progress, the wavelength 
bands most appropriate for such services, which would probably permit a notable 
increase of the possibilities available to satisfy the legitimate needs of broad- 
casting. 


2. Concerning Call Letters and Amateur Stations. 
It is desirable that: 


a. Call letters of the International Series should be assigned to all radio- 
telegraph stations capable of causing international interference, except military 
and radiobeacon services. However, concerning military stations, the Adminis- 
trations retain their right to assign or not to assign to them call leters of the 
international series. 

b. The Administrations shall send to the International Bureau of the Tele- 
graph Union a sufficient number of copies of the documents containing the 
provisions which they have drawn up for amateur stations. The Bureau will 
distribute them to other Administrations, who will thus be able to take note of 
them in the drawing up of their own regulations. 

c. The Administrations which publish a list of amateur stations will send 
a copy to each Administration requesting it. 

d. Irregularities found in amateur transmitting stations will be communi- 
cated to the interested Administration, and also to prevent any delay in these 
communications each administration will also notify the International Bureau 
of the Telegraph Union the address of the department which has charge of 
amateur regulation when such a department has not the ordinary Administration 
address. 

3. Concerning waves used for aviation, it is desirable that the authorities 
of all the European countries should study the possibility of restricting the use 
by aviation of the wavelength band above 1340 meters (below 221 kc). 

4. Concerning the interference caused by mobile and coast stations. 

It is desirable: 

That the different countries hasten as far as possible the madernization of 
the coast and ship stations, especially those which exchange many messages. 

That by a more strict observance and a more judicious application of the 
Washington Regulations, especially by forbidding the transmission of superfluous 
signals, and the use of inordinately high power, a reduction should already be 
taking place, as far as possible, in the interference which coast and marine 
stations using damped waves cause to broadcasting services. 

The Conference, as a result of this, requests the Administrations to be good 
enough: 

To study the possibility, in so far as it shall be deemed desirable and 
practicable, of restricting transmissions on damped waves during the hours used 
by broadeasting stations. 

To make sure that ship stations are adjusted and remain adjusted as accu- 
rately as possible upon their working waves, and that the damping of these 
waves be reduced to a minimum. 

5. Concerning the work of the C.C.I.R. 


It is desirable that the Administrations should carry on studies and pre- 
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liminary tests which would be of such a nature as to facilitate the work of the 
C.C.I.R. which will meet at The Hague during the month of September, 1929. 

6. Concerning the limits of power for broadcasting stations. 

It is desirable, at least for a certain period, that countries limit the power 
of new or reconstructed broadeasting stations to a minimum value sufficient for 
the services to be carried on. The proposal has been made to take as a figure for 
Such a power limitation 60 kilowatts in the antenna. 

The C.C.I. R. is requested to determine whether a limitation on the effective- 
ness of broadcasting stations is practically possible, and according to what 
formula this limitation might in that case be determined. 


7. Concerning the monitoring of waves, the Conference passed a resolution 
that a permanent arrangement for measuring frequencies used in radio services 
be organized. 

The Conference recommends to the Administrations of Germany, England 
France, Italy and the U.R.S.S.: 

a. To proceed to periodic measurements and to make periodic reports of 
the results to all the Administrations through the International Bureau of the 
Telegraph Union. 

b. To put their measurement agencies at the disposal of the interested 
Administrations, in cases of interference, for the measurement of the frequencies 
in question. 

The Conference invites the U.R.S.I. and the International Radiophone 
Union to cooperate with the above-mentioned agencies, giving them their 
scientifie and technical collaboration. 

The Conference requests Administrations having stations suitable for the 
periodie transmission of standard frequencies to inform the Administration of 
the Netherlands of the characteristics of these stations (frequeney band, power, 
etc.) in order that the C.C.1. R. might study cooperative organization of these 
stations. 


There are annexed to this protocol reports of the committees and 
subcommittees, as well as the minutes of the committees and of the 
plenary sessions. 


Done at Prague, April 13, 1929 


For Germany:—Otto Arendt, Dr. Steidle, Dr. Harbich, Munch. 
For Austria :—Ing. Hans Pfeuffer. 

For Belgium :—R. Corteil, Jean Marique. 

For Bulgaria :— l'z. Christoff, Dr. R. Mednicaroff. 

For Denmark: —C. Mondrup, C. Lerche, K. Christiansen. 

For Spain:—Federico Aznar. 

For Esthonia :—G. Jallajas. 

For Finland :— V. Ylostalo. 


For France:—Ferrie, Serre, M. Pellene, Hamel, Chanton, Pasz- 
kiewiez. 
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For Great Britain:—F. W. Phillips, A. G. Lee. 

For Hungary:—Bernhard Paskay. 

For Irish Free State:— T. S. O'Muineachain. 

For Iceland :—G. Brien. 

For Italy:—Col. Luigi Sacco. 

For Latvia :—A. Auzins, Janis Linters. 

For Principality of Monaco :—Ferrie. 

For Norway :—Hermod Petersen, Arnold Raestad. 

For the Netherlands :—C. H. de Vos, E. F. W. Volter, Warsinck. 

For Poland :— Eugene Stallinger. 

For Roumania :— Constantinesco. 

For Kingdom of the Serbs, Croats, and Sfovenes:—Ing. Claude 
Kotal, Ing. Mario Osana, Ing. Robert Weege. 

For Sweden:— Seth Ljungqvist, Arthur Karlsson, H. Nordenmark. 

For Switzerland :— Dr. Reinhold Furrer, E. Nussbaum. 

For Czechoslovakia :— Ing. Strnad, Frant. Pixa, Stanislav Chocho- 
lin, Dr. Otto Kucera, Ing. A. Steinbaeh, Dr. Burda, Ing. Singer, Dr. 
Jar. Svoboda, Ing. Josef Stransky. 

For Turkey :—M. Mazhar. 

For the Union of Socialist Soviet Republics:—A. Vassiliev, L. 
Eiehenwald. 


ANNEX 
ALLOCATION OF WAVELENGTHS 
According to the Plan of Prague, Becoming Effective June 30, 1929 


Frequency Approximate Name of Country (Or of Station) 
ke wavelength m 
160 1875 Holland (Huizen) 
167 1800 Finland (Lahti) 
174 1725 France (Radio Paris) 
183.5 1635 Germany (Zeesen) 
193.0 1533 Great Britain (Daventry) 
202.5 1481 U.R.S.S. (Moscou)* 
207.5 1444 Aviation services and 
Eiffel Tower 
212.5 1411 Poland (Varsovie) 
217.5 1380 Aviation services 
222.5 1348 Sweden (Motala) 
230 1304 U.R.S.S. (Kharkov)* 
250 1200 Turkey (Stamboul) ** 
Iceland (Reykjavik) ** 


* The U.R.SSS. did not participate in the Washington Conference. 


** The use of these waves, which are situated in a band not allocated to broadcasting by the 
Regulations annexed to the Washington Convention, is authorized, provisionally, under the express 
condition that stations using these waves shall not interfere with the services occupying this band, 


(See Article 5, Paragraph 1, of the Regulations.) 


x Particularly, the transmission of these stations must not be allowed to make inoperative alarm 
signals, distress signals, security or urgency signals transmitted on the wave 500 ke (600 m) and on 
333 ke (900 m). 

i In case of interference the interested Administrations will do their best to seek another suitable 
solution. 
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Frequency Approximate Name of Country (Or of Station) 
ke wavelength m 
1153 Denmark (Kalundborg) 
1072 Norway 6 A i 
1910 Nwitzerland (Bale)** 
930 UR.S.S. (Moscou C.C.8.P.)* 
825 RS (Moscou) * 
800 U.R.S.8. (Kiev)* 
778 URS. (Petrozavodsk) * 
760 Switzerland (Geneva) ** 
680 Switzerland (Lausanne) ** 
572 Germany (Fribourg)** 
Kingdom of Serbs 
Croats and Slovenes (Ljubljana) ** 
565 U_R SS. (Smolensk) * 
560 Gerinany (Augshourg) ** 
550 Hungary (Hanover) ** 
542 Sweden (Budapest) *** 
533 Germany 
525 Latvin 
517 Austria 
511 U.R.S.S. (Arkhangelsk) * 
509 Belgium 
501 italy 
497 U.R.S.S. (Moscou) * 
403 Norway 
487 Czechoslovakia 
483 U.R.S.5. (Gornel) * 
479 Great Britain 
476 U.R.S.8. (Simferopol) * 
473 Germany 
466 France (Lyon La Doun) 
459 Switzerland 
450 U.RSS. (Moscou S.P.)* 
453 Common, No. 1 
447 France (Paris P.T,T.) 
441 Italy 
436 Sweden 
429 Kingdom of S. C. and S. 
427 U.RSS. (Kharkov) * 
424 Spain 
418 Germany 
113 Ireland 
411 U.RSS. (Odessa) * 
408 Poland 
403 Switzerland 
401 URSS. (IKoursk) * 
399 Great Britain 
394 Roumania 
390 Germany 
385 Poland—Italyt 
383 U.R.S.S. (Dnepropetrovsk) * 
381 France 
379 U.R.S.S. (Artemovsk)* 
377 Great Britain 
372 Germany 
370 U.RSS. (Tver) * 
368 Spain 
366 URSS. (Nikolaiev)* 
364 Norway 
360 Germany 
356 Great. Britain 
Austria 
U.H.S. S. (Leningrad) * 
Spain 
France (Strasbourg) 
Czechoslovakia 
Belgium 
URSS. (Ivan-Voznesensk) * 
Poland 
Italy 
France (Montpellier) 
Germany 
Sweden 
Bulgaria 


*** The wavelength allocated to Hungary will be brought back into the band allotted to broad- 
casting at the earliest favorable opportunity. 


f Exclusive wave shared with the reservation that there shall not be any mutual interference. 
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Frequency Approximate Name of Country (Or of Station) 
ke wavelength m 

950 316 France (Marseilles) 
950 313 Poland 
968 310 Great Britain 
977 307 Kingdom of S. C. and S. 
986 304 France (Bordeuz Lafayette) 
995 301 Great Britain 
1004 298 Holland 
1013 Esthonia 
1022 France and Czechoslovakia (Limoges) 
1031 Finland 
1040 Great Britain 
1049 France (Reims) 
1058 Portugal 
1067 Deninark 
1076 Czechoslovakia 
1085 Germany 
1094 ltaly 
1103 France (Rennes) 
1112 Greece 
1121 Spain 
1130 France (Lille) 
1139 263 Czechoslovakia 
1148 261 Great Britain 
1157 259 Germany 
1166 257 Sweden 
1175 255 France (Toulouse P.T.T.) 
1184 253 Germany 
1193 251 Spain 
1202 250 Czechoslovakia 
1211 248 Italy 
1220 246 Common, No. 2 
1229 244 Albania (provisionally 

Poland) 
1238 242 Great Britain 
1247 240 Norway 
1256 239 Germany 
1265 237 Monaco —Nice—Corsica 

tshared) 
1274 235 Narway 
1283 234 Poland 
1202 232 Kingdom of S. C. and S. 
1301 231 Sweden 
1310 229 Spain 
1319 227 Germany 
1328 226 Roumania 
1337 225 Ireland 
1346 223 Luxemburg 
1355 221 Finland 
1364 220 France 
1373 218 Common, No. 3 
1382 217 Common, No. 4 
1391 216 Common, No. 5 
1400 214 Poland 
1410 213 Italy 
1420 211 Roumania 
1430 210 Hungary 
1440 208 Belgium 
1450 207 Common, No. 6 
1460 206 Common, No. 7 
1470 204 Common, No. 8 
1480 203 Common, No. 9 
1490 202 Common, No. 10 
1500 200 Free 

Note 


The Conference has taken note of the existence of the station of Kaunas 
(Lithuania) which has used different waves between 155 ke (1935 m) and 151 ke 
(1990 m) for broadcasting services. This station having interfered with mobile 
services carried on by the station at Portishead (Great Britain) using the wave of 
149 ke (2013 m), situated in the band reserved exclusively for mobile services, 
the Conference has direeted the British Administration to make suitable negotias 
tions with the Administration of Lithuania, with a view to finding for the Kauna- 
station a wavelength which will not interfere with these mobile services. 
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The Edison Fellowship 


In honor of Thomas A. Edison and in commemoration of the 50th 
anniversary of his incandescent lamp, an Edison Fellowship for re- 
search in the General Electric research laboratory at Schenectady, 
N. Y., has been established. Its object is to help determine the fitness 
of the Fellow for industrial or scientific research by arranging for a 
year's research in that laboratory. The opportunity will be given to the 
selected candidate who has adequate training and who has done suf- 
ficient original work to have indicated an aptitude for research. The 
year's fellowship carries a grant of $3,000. 

The selection from applieants will be made by the National Re- 
search Council with the advice of the Director of Research of the 
General Electric Company. The committee includes: Dr. George K. 
Burgess, director of the U. S. Bureau of Standards and chairman of the 
National Research Council, chairman of the committee; Dayton C. 
Miller, professor of physies of the Case School of Applied Science and 
chairman of the division of physical sciences of the National Research 
Council; James E. Mills, chief of the research division of Edgewood 
Arsenal and chairman of the division of chemistry of the National 
Research Council; and A. E. Kennelly, professor of electrical engincer- 
ing at Harvard University. Dr. Willis R. Whitney, vice president and 
director of the research laboratory of the General Electric Company, 
represents that company. 

The choice of research work will be influenced by the preference of 
the individual, and may be the continuation of studies already begun 
at college if suitable laboratory facilities are available, or the Fellow 
may work on new or specially selected projects, either independently 
or in cooperation with others. 

Any research man wishing to apply for the fellowship who is able 
to begin a year’s work this fall (1929) should send to the Director of the 
Research Laboratory, General Electric Company, Schenectady, N. Y., 
before July 4, relevant information about his training and a recent 
photograph, and should arrange for a separate letter of recommenda- 
tion to be forwarded by someone with whom he has done original 
scientific work. 


Application Form 
On pages XIX-XX of this issue of the PROCEEDINGS there is printed 
an abridged form of application for membership in the Institute. It is 
believed that this blank, which pertains to the Associate grade only, 
will be found convenient by the membership for use in canvassing 
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friends who are eligible for membership in the Institute, and by non- 
members for filling out and either mailing to the Secretary of the 
Institute in New York City, or handing to an officer of a local Section. 
Standard application forms for membership in the other grades will be 
sent upon request to the Secretary of the Institute. 


Standard Frequency Transmissions by the Bureau of Standards 

The schedule of standard frequency transmissions by the Bureau 
of Standards for the months of July to December (inclusive) appear 
below. 


Eastern Standard 


Time July 22 Aug. 20 Sept. 20 Oct. 21 Nov. 20 Dec. 20 
10:00 p.m 1500 4000 550 1600 4000 550 
10:12 1700 4400 600 1800 4100 600 
10:24 2000 4800 7 2000 4800 7i 
10:36 2300 5200 800 2400 5200 800 
10:48 2700 5800 1000 2800 5800 1000 
11:00 3100 6400 1200 3200 6400 1200 
11:12 3500 7 1400 3600 7000 1400 


11:24 4000 7600 1500 4000 7600 1500 
For further particulars as to the method of transmission, readers 
of the ProcEEpINGs are referred to the past issues of the PROCEEDINGS. 

Persons using these transmissions are invited to send suggestions 
or comment to the Bureau of Standards, Washington, D. C. The 
Bureau will particularly welcome descriptions of ways in which the 
signals are used or other comment that might assist in increasing their 
usefulness. 


Institute Meetings 


1929 CONVENTION 


The 1929 Convention was pronounced a great success by all mem- 
bers of the Institute who were present in Washington on May 138th to 
15th. Over five hundred and fifty members and guests registered for 
the Convention. 

With some modifications, the complete program as outlined in the 
April, 1929, issue of the PRocEEDINGS was earried out. Due to illness, 
Professor M. I. Pupin was unable to be present. Professor A. E. Ken- 
nelly, of Harvard University, presented an interesting lecture on 
“Radio and its Ways." 

In addition to the reception for all members of the Institute by 
President Hoover, Mrs. Hoover held a reception for the ladies attend- 
ing the Convention. 
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Dr. and Mrs. Alexander Meissner and Dr. H. Rothe, from Berlin, 
Germany, and Professor Y. Watanabe of Japan made the trip to the 
United States to be present during all of the sessions. 

At the banquet at the Mayflower Hotel on May 14th, at which four 
hundred and fifty members and guests were present, President Taylor 
announced that the 1930 Convention of the Institute is to be held in 
Toronto, Canada, during the month of June. 


EASTERN Great Lakes DisTRICT CONVENTION 

Under the sponsorship of the Buffalo-Niagara, Cleveland, Roches- 
ter, and Toronto sections, a Distriet Convention to which all members 
of the Institute are cordially invited, is being arranged for November 
18-19, 1929 in Rochester. 

A very interesting program is assured. The committee chairmen 
have been appointed as follows: executive committee, V. M. Graham; 
publicity committee, R. A. Hackbusch; transportation and accom- 
modations, J. Eichman; fellowship, J. A. Vietoreen: trips, A. L. Schoen; 
entertainment, E. C. Karker; ladies’ entertainment, Mrs. Angevine; 
finance, H. J. Klumb. 

The program will inelude inspection trips, a number of technical 
sessions and a banquet. 


PROPOSED CINCINNATI SECTION 

Members of the Institute residing in the vicinity of Cincinnati, 
Ohio, have expressed the desire to organize a Cincinnati section of the 
Institute. W. W. Boes and R. H. Langley have been instrumental in 
the organization work. 

The first organization meeting was held May 27th in the Chamber 
of Commerce Building, Cincinnati, Ohio. R. H. Langley and W. W. 
Boes presided. Short talks were given by O. H. Caldwell, former radio 
commissioner, C. D. Barbuleson, E. T. Flewelling, William Lukens, 
and R. H. Langley. Temporary officers were elected with the following 
results: R. H. Langley, chairman, and W. W. Boes, Secretary- 
Treasurer. 

The next meeting of the proposed Cincinnati section will be held 
on September 9th. 


ATLANTA SECTION 
The Atlanta section held a meeting May 8th in the Physics Labora- 
tory, School of Technology, Atlanta, Ga. The meeting was presided 
over by the retiring chairman, Major W. Van Nostrand and Chairman 
Elect Henry P. Thornton. There was an attendance of ten members. 
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Professor Rodger S. Strout of the Department of Physies in 
Georgia Institute of Technology presented a paper, “Piezo-Electric 
Crystals." Mr. Strout went into detail as regards oscillation charac- 
teristics of quartz crystals in. various commercial and laboratory 
forms. The lecture was accompanied by slides showing crystals in 
associated circuits, temperature coefficient curves and holder spacing 
characteristics. He also illustrated the proper method of cutting and 
grinding for maximum accuracy and energy output. After the presen- 
tation of the paper an informal discussion took place, supplemented by 
actual oscillation tests of various crystals cut and ground. 


DETROIT SECTION 

Fifty members and friends attended the meeting of the Detroit 
section on March 22nd in the Detroit News Building, Detroit, Michi- 
gan. A. B. Buchanan, chairman of the section, presided. 

Henry N. Kozanowski, Department of Physics of the University 
of Michigan, presented a paper, “The Quartz Crystal Oscillator as a 
Standard of Frequency.” The importance of a standard of frequency 
in radio research laboratories and in commercial practice was stressed. 
Frequency standards are divided in two classes: first, the primary 
standards such as the gravity pendulum, vacuum-tube maintained 
tuning fork, magnetostriction oscillator, and the piezo-electric oscil- 
lator; second, those which are calibrated from the above and are 
operated under constant conditions, as for instance, the Hartley and 
dynatron oscillators. A historical survey of the discovery of the piezo- 
electric effect by J. A. and P. Carrie in 1881, and its application to 
radio circuits by the work of W. G. Cady and G. W. Pierce followed. 
This ineluded a qualitative discussion of the probable mechanism of 
oscillation of a piezo-electric plate and the development of a mathe- 
matical theory for the frequency of oscillation in terms of the ma- 
terial constants and the dimensions of the plate. 

The methods of cutting, grinding, and mounting plates and their 
frequency control by the rheostatic means were explained in some 
detail. 

Finally there was described the calibration of a erystal oscillator 
by means of the best note between the fundamental frequency of the 
erystal oscillations eireuit and known harmonies of an oscillator whose 
frequency was entirely governed by the frequency of a tuning fork. 
The frequency of this fork was determined by using a synchronous 
motor telechron clock in the circuit maintaining it. In this manner it 
has heen found possible to determine the frequeney of the quartz 
crystal oscillator to an accuracy of 3 parts in 100,000. 
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A general discussion followed the presentation of the paper. 

The Detroit section held a meeting April 19th in the Detroit News 
Building, Detroit, Michigan. L. N. Holland, vice-chairman of the 
section, presided. Thirty-five members and friends attended the 
meeting. 

J. E. Miller, instructor in Aeronautical Department of the Univer- 
sity of Detroit, presented a paper, “Aircraft Radio Communication." 
The various phases of the present beacon system was explained. The 
transmitting range for beacons is 285-315 ke and for other communi- 
cation 315-350 ke. The various means of utilizing radio transmission 
and reception as an accurate guide to a pilot when attempting a landing 
and the rotating loop method and the new polydirectional method 
which is still in the state of development were discussed. It was pre- 
dicted that the present method of radio beacon would soon be replaced 
by the visual method. A motion picture on “Radio Beacons” was also 
shown. 

A general discussion followed the presentation of the paper. 


New York MEETING 

President A. Hoyt Taylor presided at the New York meeting of the 
Institute held in the auditorium of the Engineering Societies Building, 
33 West 39th Street, on June 5th. 

Two papers were presented. The first, by Alan C. Rockwood and 
Warren R. Ferris, of the General Electric Company, was entitled 
“Microphonic Improvement in Vacuum Tubes.” 

The second paper, “A Study of the Output Power Obtained from 
Vacuum Tubes of Different Types,” by H. A. Pidgeon and J. O. 
McNally, of the Bell Telephone Laboratories, was presented by Mr. 
McNally. 

Both papers will be published in an early forthcoming issue of the 
PRocEEDINGS. No reprint copies are available. 

Three hundred and fifty members of the Institute and guests 
attended the meeting, which is the last until the fall season opens on 
September 4th. 


PHILADELPHIA SECTION 
On May 24th in the Bartol Laboratories of the Franklin Institute, 
Philadelphia, Pa., the Philadelphia section held a meeting. J. C. Van 
Horn, chairman of the section, presided. Fifteen members and guests 
attended. Gleason W. Kenrick and C. K. Jen, both of the Moore 
School of Electrical Engineering, University of Pennsylvania, pre- 
sented a paper “Short Wave Radio Transmission Phenomena.” 
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The paper described the problems introduced by signal to noise 
ratio in limiting long distance transmission, and the need and uses of a 
quantitative transmission theory were outlined. Methods of obtaining 
requisite information as to the constitution of the upper atmosphere 
and the part played by Kennelly-Heaviside echo studies and field 
strength observations were pointed out. The results of further echo 
studies showing a run obtained during February giving abnormal 
heights and transmission phenomena including long time retardation 
echoes on 4435 ke were described. Some preliminary results of a study 
on field intensities observed at Philadelphia from WCI and the perturb- 
ing effects of magnetic storms on this transmission were also outlined. 


SEATTLE SECTION 

On April 26th, the Seattle section held a meeting in Philosophy 
Hall, University of Washington, Seattle, Washington, presided over 
by A. V. Eastman, chairman of the section. Fifty-eight members 
attended. 

A. V. Eastman presented a paper, “Shield Grid Tube as Inter- 
mediate R-F Amplifier." The paper described the action of the 22 
tubes by comparing their characteristic curves with those of the 01A 
type. The method of measuring gain and selectivity of one or two 
60-ke stages was explained. The r-f input was carefully shielded and 
varied by the IR drop method—the amplifier output was measured by 
mieroammeter readings. The eurves showed many interesting advan- 
tages as well as shortcomings of the 22 type when used as i-f am- 
plifiers. 

Messrs. Libby, Deardorf, Carpenter, Kleist, and Willson partici- 
pated in the diseussion which followed. 

A. V. Eastman, chairman, presided over a meeting of the Seattle 
section on May 24th in Philosophy Hall, Washington University, 
Seattle, Washington. Thirty-eight members and guests attended. 

F. C. Dahlquist presented a paper, “The American Broadcast 
System.” The paper explained the operation of the chain of stations 
on the American broadcast system. It also outlined the problems in 
each of the departments and showed the necessity of cooperation be- 
tween the engineering, sales and program directing personnel. A few 
of the many problems and incidents of chain programs were told in a 
very interesting manner. Messrs. Budden, Clark, Kleist, and 
MeNicholas participated in the discussion which followed. 

A. V. Eastman announced that J. O. Tolmie had been chosen vice- 
chairman of the Seattle section. : 

After the meeting an inspection trip was made through radio 
station KJR. 


1092 Institute News and Radio Notes 


Toronto SECTION 

On May 8th the Toronto section held a mecting in the Electrical 
Building, University of Toronto, Toronto, Canada, attended by sixty 
members. A. M. Patience, chairman of the section, presided. 

B. DeF. Bayly presented a paper, “Radio-Frequency Amplifier 
Design." Messrs. Smith, Fox, and Richardson participated in the 
discussion which followed. 

The election of officers was held which resulted in the election of 
V. G. Smith, chairman; G. E. Pipe, secretary; and F. D. Dalton, 
assistant secretary. 


Personal Mention 


Harold E. Dinger is now associated with the firm of Catterall, Inc., 
of Canton, Ohio, as radio engineer. He was formerly associated with 
the Schoch Studios of Alliance, Ohio. 

E. R. Doyle, of Leeds and Northrup Company, Philadelphia, is 
now Assistant Director of Development in that organization. He was 
formerly Chief of the Electrical Division of the Department of De- 
velopment. 

Beverly Dudley, recently with the American Telephone and Tele- 
graph Company at Chicago, Ill., has joined the staff of the American 
Radio Relay League at Hartford, Conn., in charge of Technical! Infor- 
mation Service. 

Walter R. Jones, until recently research engineer with the Federal 
Radio Corporation of Buffalo, is now sales engineer for Sylvania 
Products Company of Emporium, Pa. 

Alfred L. Kissell has joined the staff of the Cuban Electrical Com- 
pany at Havana. Mr. Kissell left the United Electric Light and Power 
Company to assume his new connection. 

Alexander H. Knights, formerly test engineer with the Radio 
Corporation of America, has joined RCA Photophone as installation 
engineer. 

A. 8. Lemoine is now chief engineer of the Radio Department of 
the Royal Board of Telegraphs of Stockholm, Sweden. 

G. Edgar Locke, until recently with the Patent Department, U. S. 
District Court for the Southern District of New York, is now associ- 
ated with Electrical Research Products, Inc., as Supervisor of Instal- 
lation Engineers. 

Leo R. Mead is now laboratory assistant, Electrical Research 
Laboratories, Chicago, HI. 

Howard K. Morgan, formerly a student a the University of Cali- 
fornia, has become associated with the General Electric Company at 
Schenectady, N. Y. as radio engineer. 
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Fitzpatrick, George Wm. 
Ilemerich, Walter A 
Green, Charles M. 
Kuno, T 

Kuwajima, T. 


Matsui, K 


Miyauchi, T. 
Ohtani, S. 
Otauka, Y. 
So, Manabu 
Suga, Y. 
Suzuki, Hisao 


Kanno, Gengo 


Fukushima, T. 
Hamada, Shigenori 


Koshikawa, Y. 
Mita, S. 


Tokyo, e/o M. Kaneko, 2, 5-Chome, Kirakawa-Cho, 


kojimachiku.... 


Tokyo, c/o Kaigun Kantokukan-Jimusho, 31 Chome 


Uchisaiwai-cho, Kojimachiku. . . 
Tongaat, Natal...... 

Eleanor Terrace, Murray Bridge 
G. P. O. Hox 188, Wellington. 


Elected to the Junior grade 
Little Roek, 723 Wright Ave.. 
Avon Park..... PM 
Atlanta, 933 Oak St. 
Commerce. kw. 
Carpenter, Box 272. . 
Waukegan, 653 Mill Court 
Connersville, 1948. . . : 
Valparaiso, 557 So. Locust St... 
Valparaiso, 155 College Ave... 
Valparaiso, 502 East Jefferson... 
Valparaiso, 155 College Ave... 


Nagao, R. 


Nakajima, 8. 
Howard, W. B, 
Miller, Francis G 
Russell-Boyle, H. 


. Stover, Arthur R., Jr. 


.Collins, Florine 


. Harrison, Richard H. 
. Hood, Sam 
. Bennett, Leslie W. 


Herrmann, Albert, Jr. 


. Hamilton, Charles Ed. 


Cox, Hestor S. 


. Johnson, Julien S. 


Mealy, Max B. 


. Reid, Herbert G. 
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Maryland 
Massachusetts 


Michigan 
New Jersey 
New York 
Ohio 


Oklahoma 
Pennsylvania 


Washington 

Federated Malay 
States 

Hawaii 


Baltimore, 2449 Lauretta Ave... 
Boston, 570 Columbus Ave...... . 
Dorchester, 894 Blue Hill Ave... . 
Harbor Springs 

Jackson, 302 Biddie St., E.. 

E lizabeth, 419 Livingston St.... 
Pleasantville, 1507 S. Main St... j 
Brooklyn, 1121 Bedford Ave.. 
Brooklyn, 1272 E. 10th St.. 


Cleveland, 2915 E. 130th St. No. 10. a 


Cleveland, 2088 Cornell Road. 
Payne.. s 

Tulsa, oa a a sts ficii 
Allentown, 618 N. 12th St.. 
Cynwyd, 407 State Road 
Easton, 17 So. 6th St..... x 
Seattle, 7811 Stroud Ave...... 


271 Kota Road Taiping. . 
Honolulu, E. 1518 Liliha St.. 


Ridenour, Wm. S 


.. -Hatten, Arthur Thomas 
.. - Berkowitz, Louis 
... Wright, Wilford C. 
... Atkins, Carl Edward 
.. Engel, Albert L. 
. English, James G. 
.Gray, De Wayne R. 
.. .Charlat, Arnold 
.. Goetz, V. Wm. 


Hybarger, H. Kenneth 
Huhuenin, Glenda 


. White, Karl K. 


Richardson, George A. 


. March, Hallman W. 
. . Deutschman, Borah 


Thomson, Howard M. 
Sinh, Harbaksh 


. . Hisamoto. Masayuki 
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APPLICATIONS FOR MEMBERSHIP 


Applications for election to the various grades of membership have been re- 
ceived from the persons listed below, and have been approved by the Com- 
mittee on Admissions. Members objecting to the election or transfer of any of vod 
applicants should communicate with the Secretary on or before August 1, 1926 


For Transfer to the Member grade 


Dist. of Columbia Washington, e/o Federal Radio Mouse Eiaha Segal, Paul M. 
Washington, 3314 Newark St.. .. . Mirick, C. D. 
For Election to the Member grade 
California San Francisco, Signal Office, Presidio of San Fran- 
cisco. Winner, William Lane, Jr. 
Dist. of Columbia Washington, Dept. of Commerce, Radio Division.. . Barron, J. H., Jr. 
Hlinois Alton, 1124 Washington St. d'Adrian, A. l. Duval 
Chicago, 1400 Union Trust Bldg. ~ A Caldwell, Louis G. 
Massachusetts Waban, 100 Devon Road... Replogle, Delbert E. 
Montana Bozeman, c/o Montana State College West, Glenn Edwin 
New Jersey Boonton, Radio Frequency Laboratories, Inc. Wilmotte, R. M. 
Maplewood, 26 Berkeley Road... . Pidgeon, Howard A. 
New York New York City, USS Bridge, c/o Postmaster. Johnson, C. M. 
New York City, 711 Fifth Avenue, Room 1223...... McElrath, George 
Pennsylvania State College, 234 West Fairmount Ave.... . Woodruff, Eugene C. 
Canada Toronto, Ont., Windsor Arms Apts., St. Thomas and 
Sultan Sts... Schwarz, Bertram A. 
England Leeds, Yorks, 35 Reginald Terrace, Chapeltown. Harvey, Lionel 
Leeds, 6 Blenheim Terrace, Northeastern School of 
Wireless... Russell, M. W. G. 
Manchester, British Brondcasting Corp... Bird, R. J. 
Norbury, SW, 119 Headeorn Road Shaw, A.C. 
Germany es Vritschestrasse KI TG 38 V cbe Roder, Hans 
Italy Milan, Corso Italia, 13, c/o S.L. R.A.C. Osiatinsky, L. 
New Zealand Christchurch, Canterbury La s. College, Elec 
Dept. : s MeLellan, Roderick Arthur 
SWellingen. G. P. O. Box 638. Thow, Keith H. 
Scotland Dundee, | Lochee Road Lyne, R. H. 
Edinburgh, "Dunelin," 8 Cluny Drive Beveridge, John A, 
Spain Cartagena, Calle de Ignacio Garcia No. 3..... Ramirez Eduardo Gareia 
For Election to the Associate grade 
Alabama Birmingham, 1315 Woodland Ave., W. E.... .. Giglio, James A. 
Arkansas Little Rock, ¢/o Marine Hotel. Room 850 Beem, Arthur W 
North Little Rack, 1301 W. 9th St. McDonald, A. H. 
Little Rock, 1311 Commer St..... Minor, Robert Lee 
California Glendale, 1341 5th St..... Borkoven, Lewis Murray 
Hollywood, 814 No. Vista St. Schiefer, C. Vreeland 
Los Angeles, New City Hall, Room 317 Chapple, James M. 
Los Angeles, 2848 Westview St.. Gronoff, Harry 
Colorado Denver, 3839 Y ates McClimans, Abner E. 
Dist. of Columbia Washington, 4201 9th St.. N.W Fugazzi, Frank J. 
Washington, 1722 19th St., Apt. 706 Hudiburg, Rea S. 
Washington, 917 North Carolina Ave., E. Monar, Fred B 
Washington, 5806 Colorado Ave... Murray, Philip J. 
Washington, 3308 14th St., N. W.. Zinnecker, H, K 
Florida Orlando. 30 E. Pine St.. Shreve, A. French 
Minois Chicago, 6038 Calumet Ave... : Hellman, Milton E. 
Chicago, 4865 North Hermitage Hukle, R. M. 
Chicago, 1541 East 65th St. Johnson, E. O. 
Chicago, 1250 W. North Ave. Lagasse, Albert 
Indiana Indianapolis, 2136 North De Quincey St Chapel, I. C. 
Kentueky AUS. c/o General Office, American Rolling Mill 
Carr, Edward Mayes 
Newport, 43 16th Street ae Preuss, Arthur C. 
Louisiana Slagle . Hayes, Fred D. 
Massachusetts Belmont, 33 Willow St.. z Sykes, Roger Allen 
Chicopee Falls, 121 East St. Winstead, Theodore 
Bernard 
Great Barrington, 24 Silver St. Parrish. Robert R. 
Salem, 27 Chestnut St.... Poor, Walter E. 
Somerville, 46 Francesca Ave.. Dillaby, Edwin F. 
Springfield, 1283 Carew St.. Morehouse, Dayton J. 
Walton, 42 Brookfield Road... Clark, R. W. 3rd 
Michigan Detroit. 10401 Jefferson Ave.. E. Harding, Lawrence Merle 
Detroit, 324 llendrie Ave. Schaefer, Richard J. 
East Lansing, Hermian House Moore, Harold A. 
Jackson, Sparks-Withington Co. Obright, C. Alvin 
Jackson, Sparks-Withington Co.... Strait, Clarence L. 
Kalamazoo, 216 Rose Place... Goldsmith, O. Brude 
Marshall, 301 N. Liberty St.... Faulkner, Douglas 
Ypsilanti, 406 Florence St..... . Augustus, Lee M. 
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Minnesota 


Missouri 


Nebraska 
New Jersey 


New York 


Ohio 


Oregon 
Pennaylvania 


South Carolina 


‘Tennessee 
Texas 


Australia 
Canada 


England 


India 

Philippine Islands 
South Africa 
South Rhodesia 


Hlinois 
Kansas 
Minnesota 
Missouri 
New York 


Washington 


Applications for Membership 


Minneapolis, 4912 41st Ave., S 

St. Paul KSTP, 5t. Paul Hotel 

Independence, 109 Bowen St.. 

Kansas City, 4707 Grand Ave. 

Kansas City, 2004 Forest Ave. 

Kansas City, Federal Building, Room 231.. 

Kansas City, 4211 Wabash Ave... 

Omaha, 3706, So. 23rd St. 

Cliffwood, Bell Telephone Labs. 

Fort Monmouth ... bette ©: 

Lawrenceville, A. T. and T. Co. Radio Station 

Long Branch, 165 Garfield Ave. 

Roselle Park, 216 Filbert St... 

Rutherford, 1 Erie Ave. 

Brooklyn, 521 Monroe st. 

Brooklyn, 269 Fifteenth St. 

Brooklyn, 330 Bambridge St. 

Candor 3 

Elmira, P. O. Box 402. 

Jackson Heights, L. I., 78 Sith St. 

Long Island City, 50-65 40th St. 

New York City, 618 W. 136th St... . 

New York City, c/o Lexington Hardware an Radio 
Co., 1633 Lexington Ave. 

New York City, 583 Riverside Drive... 

New York City, 24 Walker St., Room 203 . 

New York City, 3063 Godwin Terrace... 

New York City, Radiomarine Corp. of Amer., 326 
Broadway.. 

Port Jefferson, 238 E. Broadway 

Rochester, 200 Central Trust Bldg. 

Schenectady, 2331 Turner Ave. 

Syracuse, 230 Roxford Road 

Canton, 137 Columbus Ave., N. W. 

Cincinnati, 3120 Montana Ave. 

Cincinnati, Crosley Radio Corp. 

Cleveland, 2309 Roauoke Ave, 

Cleveland, Research Labs., National Carbon Co. 

Cleveland, 5800 Broadway ,. 

Columbus, 2205 Summit 5t. 

Springfield, 2103 Elmwood Ave. 

Springfield, 556 S. Limestone St. 

Wooster, 408 W. Grant St... 

Portland, 901 E. Yamhill... 

Bethlehem, 520 W. Broad St. 

Bradford, 21 Thompson Ave. 

Harrisburg, 401 Wiconisco St. 

Harrisburg, 1722 Boas St. 

Lansdale, 122 E. 5th St. 

Oil City, Box 514... : 

Philadelphia, 2924 Poplar St... 

Philadelphia, Moore School of Elec. Engr., U. of P.. 

Philadelphia, 6814 N. 16th 5t. 

Pittsburgh, 1216 Chelton Ave. 

Sharon Hill, 32 Bonsall Ave... 

Swissvale, 7142 Washington St. : 

Columbia, e/o Perry-Mann Electric Co. 


Memphis, 505 South Main St.. 

Houston, 1620 Main St... 

San Angelo, 16 South Milton St. : 

Strathfield, “Glenroy.” 19 Concord Road 

Halifax, N. S., 69 Dublin St.._.. A 

Montreal, Que., c/o Northern Electric Co., Ltd. .. 

pé cil a Que., Northern Electric Co., 637 Craig 
St WW. v. ~ : 

Toronto 8, Ont., 31 Belhaven Road 

Toronto 4, Ont., 7 Delaware Ave.. 

Victoria, B. C. 1618 Cook St... 

Weston, Ont... . »- 

London SW1, 52 Eaton Terrace, Westminster... 

Surrey, Sutton, "Gateside," Sutton Common Road. 

Wigan, Lanes., 4 Springfield St. ... 

Bombay, Indian Radio Telegraph Oftice. 

Manila, 306 San Antonio Paco.. 

Johannesburg, P. O. Box 6461 : ; 

a eat Ó. Box 54, e/o Messrs. Hubert Davies & 

0., Ltd.. ^r : 


For Election to the Junior grade 


North Chicago, 1510 Sheridan Road. 
Lawrence, 1024 Alabama St... 
Northfield ps 

St. Louis, 2615 St. Vineent Ave. 
Brooklyn, 825 DeKalb Ave. 
Yonkers, 448 North Broadway 
Vancouver, 1210 Harney St... 
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Roth, Harold B. 
Mills, H. Lawrence 
Beck, Ray 


.Fouts, Avery L. 


Gundy, Clarence Van 
MeDonell, William J. 
Swett, J. P. 
Strelesky, Herbert J. 
Crawford, Arthar B. 
Hoppough, Clav I. 
ilman, George William 
Herson, Jacob S. 
Robinson, James W. 
Wattson, Harry B.. 
Grainger, Maurice J. 
Levine, Harry 
Perrin, Arthur G 
Williams, Warren R. 
Downing, Richard E. 
Stotler, Albert 
Asch, Mareus 
Carazo, Louis 


Kaplan, Benjamin G 
Knight, J. B., Jr. 
Nichols, Eldon 
Rosenfield, Melville J. 


Venner, E.G 
Carter, Philip Staats 
Burns, Robert G 
Anson, C. T 
Martin, George L. 
Faulstich, C, J. 
Felix, Clarence George 
Hunter, Theodore A. 
Burkhardt, Karl R, 
Filgate, John T. 
Martin, Frank J. 
Stringfellow, William 
Downey, William C. 
Stolzenbach, R. W. 
Specht, Miles 
Neubauer, Edwin Wiliam 
Hottel, H. W 
Gimera, George 
Heckman, J. W 
Poorman, Arthur E. 
Schieber, Leonard R. 
Paca, William iS. 
Greathead, Arthur W. 
Jen, C. K 
Lowe, Carr E. 
Ostermeier, C. H 
"Travis, Irven A 
Stanton, J. S. 
Buggel, William Edward 
ose 
Randolph, George T. 
Carter, William H., Jr. 
Jones, Frank M 
MelIntyre, Daniel G. 
Crowell, 4. M. 
Catton, W. R 


Comach, Stanley I. 
Kitchen, C. P. 
Nichols, W. A. 
Murdoch, G. 
Hollinsworth, V. E. 
Troutbeck, Wilfrid H 
Howard, C. G. 
Evans, Alfred 


.Enon, Ernest R 


Aglugub, Zacarias G 
Archer, C. 


Morison, Bruce 


Taylor, H. S. 
Wheeler, Frederick 
Griffith, Paul E. 
Duffy, Charles A. 
Dlugatch, Irwin 
Seitz, Frank A., Jr. 
Ryan, Lloyd F. 


OFFICERS AND BOARD OF DIRECTION, 1929 


(Terms expire January 1, 1930, except as otherwise noted) 


Treasurer 


MELVILLE EASTHAM 


R. HEIsING 
dle L. 


A. 
M. Hogan 


R. H. Manson 


President 
A. Hoyt TAYLOR 
Vice-President 
ALEXANDER MEISSNER 


Secretary Editor 
Joun M. CLAYTON WALTER G. Capy 
Managers 
L. M. HurL L. E. WurTTEMORE 


R. H. MARRIOTT J. H. DELLINGER 
(Serving until Jan. 1, 1931) 


ARTHUR BATCHELLER 


(Serving until Jan. 1, 1931) (Serving until Jan. 1, 1932) 


C. M. JANSKY, JR. 


(Serving until Jan. 1, 1932) 


Junior Past Presidents 


Raten Bown 
ALFRED N. GOLDSMITH 


Board of Editors. 1929 


WALTER G. Capy, Chairman 
STUART BALLANTINE 
RALPH BATCHER 
CARL DREHER 


G. W. PICKARD 
L. E. WHITTEMORE 
W. WILson 


Committees of the Institute of Radio Engineers, 1929 


Committee on Meetings and Papers 


K. S. Van Dyge, Chairman 


WILSON AULL 
W. R. G. BAKER 


STUART BALLANTINE 


R. R. BATCHER 
M. C. BATSEL 
Zen Bouck 
Raren Bown 
H. H. Burrner 
W. G. Capy 

L. M. CLEMENT 
E. T. DickEx 
CARL DREHER 
Epaar FELIX 
V. M. GRAHAM 
O. B. Hanson 
L. C. F. HonLE 
J. W. Horton 
L. M. Hutu 

S, M. KINTNER 
S. S. KinBrY 


F. H. Kroarr 

D. G. LITTLE 

Wm. H. MurrHyY 

E. L. NELsoN 

H. F. OLsoN 

G. W. PICKARD 

R. H. RANGER 

B. E. SHACKELFORD 
N. H. SLAUGHTER 
H. M. TURNER 
PauL T. WEEKS 
JuLIUS WEINBERGER 
Harotp A. WHEELER 
L. P. WHEELER 

W. C. WHITE 

L. E. WHITTEMORE 
W. WILSON 

R. M. Wise 

Irvine WOLFF 


All chairmen of Meetings and 
Papers Committees of Institute sec- 
tions, ez officio. 
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Committees of the Institute—(Continued) 


Committee on Admissions 


R. A. Hersina, Chairman 
ARTHUR BATCHELLER 
H. F. Darr 
C. P. EDWARDS 
C. M. JANSKY, JR. 
F. H. KnoaER 
A. G. LEE 
GroraeE Lewis 
ALEXANDER MEISSNER 
E. R. SuuTE 
J. S. SMITH 
A. F. Van Dyck 

All chairmen of Institute sections, 
ex oficio. 


Committee on Awards 


MELVILLE Eastnam, Chairman 
L. W. AUSTIN 

RarPuH Bown 

W. G. Capy 

A. Hoyr TAYLOR 


Committee on Broadcasting 


L. M. Huu, Chairman 
ARTHUR BATCHELLER 
CARL DREHER 

PauL A. GREENE 

J. V. L. Hoaan 

C. W. Horn 

R. H. MARRIOTT 

E. L. NELSON 


Committee on Constitution 
and Laws 


R. H. Manniorr, Chairman 
RaLpH Bown 

E. N. Curtis 

W. G. H. Fincn 

H. E. HALLBORG 

J. V. L. Hogan 

G. W. PICKARD 

HAROLD ZEAMANS 


Committee on Membership 


I. S. COQGESHALL, Chairman 
F. R. BRICK 

W. W. Brown 

H. B. COXHEAD 

H. C. GAWLER 

R. S. KRUSE 
PENDLETON E. LEHDE 
H. P. Maxim 

S. R. MONTCALM 

A. F. MURRAY 

M. E. PACKMAN 

J. E. SMITH 

Jonn C. STROEBEL, JR. 


All secretaries of Institute sections, 


ex officio. 


Committee on Nominations 


MELVILLE Eastuam, Chairman 
ALFRED N. GOLDSMITH 
DonaLp McNicou 

R. H. Manson 

G. W. PICKARD 


Committee on Publicity 
W. G. H. Finca, Chairman 
H. W. BAUKAT 
Zen Bouck 
C. E. BUTTERFIELD 
Orrin E. DUNLAP 
FRED EHLERT 
A. H. HALLORAN 
R. D. HEINL 
LLoYD JACQUET 
ARTHUR H. Lyncr 
J. F. J. MAHER 
A. H. MORSE 
U. B. Ross 
J. G. UzMANN 
WiLLis K. Wina 


Committee on Institute Sections 
E. R. SHUTE, Chairman 
Austin BAILEY 
M. BERGER 
L. A. Briaas 
F. E. ELDREDGE 
D. H. GAGE 
F. P. GUTHRIE 
C. W. HORN 
A. F. MURRAY 
B. E. SHACKELFORD 
All chairmen of Institute sec- 
tions, ez officio. 


Committee on Standardization 
J. H. DELLINGER, Chairman 
M. C. BATSEL 
W. R. BLAIR 
C. E. BRIGHAM 
E. L. CHAFFEE 
T. A. M. CRAVEN 
T. McL. Davis 
E. T. DICKEY 
H. W. DREYER 
C. P. EDWARDS 
S. W. EDWARDS 
GENERAL FERRIE 
H. A. FREDERICK 
ALFRED N. GOLDSMITH 
O. B. HANSON 
J. V. L. HOGAN 
W. E. HOLLAND 
C. B. JOLLIFFE 
R. S. Kruse 
GeorceE Lewis 
R. H. Manson 
ALEXANDER MEISSNER 
C. B. MIRICK 
Gino MOoNTEFINALE 
E. L. NELSON 
L. G. PACENT 
HaARALEN PRATT 
H. B. RICHMOND 
C. E. RICKARD 
A. F. Rose 
H. M. TURNER 
K. B. WARNER 
W. C. WHITE 
C. E. WILLIAMS 
HipETaUGU Yaa! 
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A HIGH PRECISION STANDARD OF FREQUENCY* 


By 
W. A. MARRISON 


(Bell Telephone Laboratories Inc., New York, N. Y.) 


Summary— A new standard of frequency is described in which three 100,000- 
cycle quartz crystal-controlled oscillators of very high constancy are employed. 
T'hese are interchecked automatically and continuously with a precision of about one 
part in one hundred million. They are checked daily in terms of radio time signals 
by the usual method employing a clock controlled by current maintained at a sub- 
multiple of the crystal frequency. Specially shaped crystals are used which have 
been adjusted to have temperature coefficients less than 0.0001 per cent per degree C. 


O meet the demands for increased precision in measurement 
and greater reliability of operation a new reference standard 
frequency system has been developed in the Bell Telephone Labo- 
ratories having an absolute accuracy that may be relied upon at all 
tames to better than one part in a million. This reference standard is 
similar in many respects to one described by Horton and Marrison a 
little over a year ago!, but a number of important changes have been 
made which have contributed to increased accuracy and reliability. 

The standard is based on the quartz erystal-controlled oscillator, 
with a synchronous motor-driven clock, used to determine its rate. It 
differs from others of the same general type in having a number of simi- 
lar erystal-controlled oscillators which may be interchanged at will 
and which are intereompared continuously and automatically with 
a precision of one part in one hundred million. A number of improve- 
ments have been made in the crystal and mounting, and in the circuit, 
which justify this precision of measurement. 

By far the most important element in a erystal-controlled oscillator 
is the crystal itself and great care was taken in selecting the type to be 
used in the new standard. A crystal was required as nearly indepen- 
dent as possible of ordinary variations in temperature and pressure 
and which could be mounted so as to vibrate freely. The effect of 
temperature appeared to be especially serious as the changes in fre- 
quency thus obtained with an ordinary crystal, even with the best 
commercial thermal regulators available, are greater than are eaused 
by any other single factor in the new standard. 

* Dewey decimal classifiention: R210. Original manuseript received by the 
Institute, May 17, 1929. Presented before New York meeting of the Institute, 
April 3, 1929. 


1J. W. Horton and W. A. Marrison, “Precision Determination of Fre- 
quency,” Proc. I. R. E., 16, 137; February, 1928. 
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It has been known for some time that plates of quartz cut in the 
plane of the optie and electrie axes usually have positive temperature 
coefficients and that plates cut in the plane of the optic axis but per- 
pendieular to an electric axis have negative coefficients. It has also 
been known that oscillations may be produced in a crystal either paral- 


Fig. 1—Crystals Used in Preliminary Temperature Coefficient Tests. 


lel to the impressed electric field or perpendieular to it, the socalled 
longitudinal and transverse effeets. There is a certain amount of 
mechanical coupling between such different modes of vibration within 
the crystal, more or less close, depending upon the shape, and in partic- 
ular depending upon the ratio of dimensions in the principal directions 


Fig. 2—Partly Assembled Crystal Showing the Relation 
of the Slab to the Crystal Axes. 


of vibration. In view of these facts it was thought probable that ery- 
stals could be produced with such coupling between the modes which 
have inherently positive and negative coefficients that the resultant 
temperature coefficient would be nil. 

Series of crystals of rectangular and circular shape were made to 
test this fundamental assumption. It was found that the temperature 
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coefficient does vary with the shape of a resonator and, in particular, 
that erystals may be proportioned so as to have a coefficient that is 
practically nil. The relations between the temperature, coefficient and 
the dimensions in the case of rectangular plates, have been further 
studied in detail by F. R. Lack? of the Bell Telephone Laboratories. 

In the first experiment performed with eireular disks for this study 
a large disk was first cut and smaller ones eut from it, after measure- 
ment, to insure constancy of material, thiekness and orientation with 
respect to the crystal axes. The parts remaining after three sizes of 
disks had been cut in this way, with the remainder of the slab from 
which they were obtained, are shown in Fig. 1. The slab is shown in 
the partly assembled original erystal in Fig. 2 to show the manner 


Fig. 3— Temperature Coefficients of Some Disks and Rings. 


of eutting. With such circular disks it was found that at least one diam- 
eter could be found for which the temperature coefficient is very small 
throughout the entire room-temperature range. 

Low temperature coefficient crystals obtained in this way are sub- 
ject to the usual mounting difficulties, namely that the friction on the 
mounting considerably increases the decrement, and by an amount 
which may vary with time. A form of crystal is desired which can be 
mounted so that the parts vibrating at relatively large amplitude do 
not bear heavily on any portion of the mounting. 

Further study of temperature coefficients showed that the rings 
remaining after the small disks had been cut from the larger one, 
shown in Fig. 1, have a temperature coefficient lower than disks of the 
same diameter and thiekness. This is further illustrated in Fig. 3, which 


? F. R. Lack, “Observations on Modes of Vibrations and Temperature 
Coefficients of Quartz Plates," Proc. 1. R. E., 17, 1123; July, 1929. 
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gives the temperature coefficient of two disks and the four parts re- 
maining after holes of different diameters had been trepanned in them. 

It is possible to make ring-shaped crystals having negligible tem- 
perature coefficients in a considerable range of frequencies, and, since 
the ring shape permits of an improved method of mounting in which 


Fig. 4—Three 100,000-Cycle Low-Temperature Coefficient 
Rings used in Frequency Standard. 


there is very little friction on the holder, they have been adopted for 
use in the present standard. Such a erystal having a frequency of 100,000 
cycles is of substantial size and is reasonably easy to make and adjust. 
Three of the crystals used in the present standard, adjusted to 100,000 
cycles, and having temperature coefficients less than one part in a mil- 
lion per degree C, are shown in Fig. 4. 
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Fig. 5—Variation of Frequency with Temperature for a 100,000-Cycle Ring 
Crystal Adjusted for Low-Temperature Coefficient. 


The variation of frequency with temperature for one of the ring- 
shaped erystals is given in Fig. 5, showing that it is very small over 
the usual room temperature range. All of the ring-shaped 100,000- 
cycle crystals made thus far are alike in having a coefficient which is 
small throughout this range’. The temperature coefficient of a disk 
of the same frequency having the same outside dimensions as the 
100,000-cycle rings is approximately 30 parts in a million per degree 
C, more than thirty times that of the adjusted crystal. 

* Where an accuracy of the order of only one part in 100,000 is desired, as in 


some portable standards, such a erystal could be employed without any form 
of temperature control. 
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-The manner in which the ring-shaped crystals are mounted in 
their operating position is shown in Fig. 6. The hole is shaped so 
that when the crystal hangs on a horizontal cylinder the point of con- 
tact is at a theoretical node for mechanical vibration. There is evidence 
of slight vibration where the central plane intersects the double conical 
hole, but it is small in comparison with that obtained at the outer 


nap 
hu " iu 
H g : 
He A 
3 iS 


Fig. 6—Section of Crystal Mounting Showing Point Support. 


surface where a crystal is usually supported. The decrement of 
the erystal when so mounted is considerably less than when it is sup- 
ported on one of its plane surfaces. 

In the mounting the crystal is spaced from the electrodes and is 
kept approximately central by means of paper spacers on each side. 
The crystal is free to move laterally in a narrow region but, since it is 


Fig. 7—Crystal Mounting with Crystal. 


centrally located, the frequency is at à maximum value and hence 
a slight motion of the crystal to either side has only a second order 
effect on the frequency. 

The variation of frequeney with total electrode spacing is apprecia- 
able, but variations due to this factor are avoided by keeping the elec- 
trodes accurately spaced by means of a ring of pyrex glass. The tem- 
perature coefficient of pyrex is about one-quarter of that of crystal 
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quartz perpendicular to the optic axis, so the variation in spacing that 
is obtained is due almost entirely to the expansion of the erystal. The 
effect on the frequency due to the differential thermal expansion of 
the crystal and crystal holder is, however, less than one part in 107 per 
degree € and so it may be neglected. If it is desired to eliminate this 
effect entirely, a spacer should be used having the same temperature 
coefhicient of expansion as quartz perpendicular to the optic axis, but 
for practieal purposes a material such as pyrex glass or fused quartz is 
entirely satisfactory. 

The crystal holder is constructed so that a slight variation ean be 
made in the total spacing between electrodes. Since the frequency 
varies with electrode spacing this ean be used for making a slight ad- 


Fig. 8— Temperature Control Chamber with Crystal Mounting. 


justment of frequency. The thread on the adjustable plate is kept tight 
by spring tension to prevent the spacing from varying irregularly. 
A crystal holder and a 100,000-evele crystal are shown in Fig. 7. 

Even though the crystal and its mounting have very low tempera- 
ture coefficients, it is desirable to control their temperature, for which 
purpose the temperature controlling device shown in Fig. 8 has been 
constructed. It consists of a cylindrical aluminum shell with a wall 
about one inch thick, with a. heater (not shown), and with a tempera- 
ture responsive element in the wall to control the rate of heating. 
The aluminum shell has a metal plug that serews into the open end 
forming a chamber for the crystal which is then completely closed 
except for a small hole for electrical connections. . 

Since aluminum is a good thermal conductor the shell equalizes 
the temperature throughout the chamber and thus avoids the use of 
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a fluid bath. The main heating coil is wound in a single layer over the 
whole curved surface of the aluminum cylinder, being separated from 
it only by the necessary electrical insulation. Auxiliary heating coils 
are wound also on the ends so as to distribute the heating as uniformly 
as possible. This, in effect, makes the short cylinder behave like a sec- 
tion from an infinite cylinder. To protect the thermostat from the 
effect of ambient temperature gradients the heating coil has an out- 


Fig. 9—Complete Temperature Control Unit. 


side covering consisting of four layers each of thin felt and sheet copper 
spirally wound so that alternate layers are of copper and felt, the inner- 
most layer being of felt and the outer one of copper. This is the cover- 
ing that appears on the complete device shown in Fig. 9. This cover- 
ing is very effective in reducing surface gradients since the conductivi- 
ty in directions parallel to, and perpendicular to, the surface differ 
by a large ratio. 


Fig. 10—Crystal Mounting with Felt Insulation. 


The temperature of the shell rises and falls periodically by about 
0.02 deg. C, but even this variation is prevented from reaching the crys- 
tal in its mounting by a layer of felt about half a centimeter thick sur- 
rounding the erystal holder. At the period of thermostat operation 
obtained the temperature variations actually reaching the crystal 
are reduced more than a thousand-fold. The complete temperature 
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controlling device is shown mounted in its operating position in Fig. 9. 
One of the mounted crystals wrapped in its felt protecting layer is 
shown in Fig. 10. 

To protect the resonator from humidity and pressure variations 
it is kept under a bell jar at a pressure slightly below atmospheric. 
With the crystals used the frequency varies approximately one part 
in a million for 10 em of mercury change in pressure. It is aimed, 
therefore, to maintain the pressure constant to about + 1 mm. A 
small mereury gauge within the bell jar indicates the pressure, which 
may be adjusted by a vacuum pump through a valve in the surface 
plate. The pressure within the bell jar is affected somewhat by the tem- 
perature, and in order to keep it within the required limits it is neces- 
sary to maintain a rough control of the temperature within the Jar. 
The pressure gauge does not indicate a change in pressure due to a 
change in temperature, but will indicate any slow leak into the jar 


Fig. 11—Cireuit of Standard Frequency Oscillator. 


that may develop. A thermometer within the bell jar indicates the 
temperature, from which the change of pressure, and the correction 
of frequency due to it, may be computed if desired. 

Since the frequency varies with the pressure surrounding the crystal 
an approximate adjustment of the frequency may be made convenient- 
ly by an adjustment of pressure. 

The circuit of the erystal-controlled oscillator and the first ampli- 
fier stages is shown in Fig. 11. The oscillator is of the familiar type in 
which the erystal electrodes are connected to grid and ground and in 
which a tuned plate circuit is used. The great advantage in being able 
to ground one electrode was the major consideration in choosing this 
circuit. With this circuit, as in the one described a year ago,! it has been 
found possible to choose plate tuning elements such that slight varia- 
tions in either the inductance or the capacity have little effect upon 
the frequency. For certain values of inductance and capacity the 
frequency, as a function of their product, takes on a maximum value. 
The adjustment that gives the maximum value of frequency is used, 
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therefore, so that slight variations, such as those due to temperature 
coefficient and aging of the tuning elements, will have a negligible 
effect on the frequency. 

The output circuit of the oscillator is very loosely coupled to three 
independent output amplifiers. This arrangement provides three inde- 
pendent output circuits free from mutual interference and unable to 
react to an appreciable extent on the erystal oscillator. 

The final adjustment of frequency is made with a small cylindrical 
condenser, having a capacity of about 5 uuf, connected in parallel with 
the crystal electrodes. The size of this condenser is chosen such that 


Fig. 12—Standard Frequency Oscillator without Shield. 


an adjustment of one division on the dial corresponds to a change of 
frequency of about one part in a hundred million. There are 100 divi- 
sions on the dial and a total of 10 turns may be made corresponding 
to a total possible adjustment of about one part in 100,000. "This 
condenser is shown at C in the circuit drawing. 

The oscillator circuit, showing the tubes and transformers, the 
plate tuning elements, the filament and plate current meters, and the 
frequency adjusting condenser is shown in Fig. 12. The adjusting 
condenser is mounted between the meters and is controlled by the 
large knob and dial. 

One complete oscillator unit, consisting of a 100,000-cycle crystal- 
controlled oscillator with three independent 100,000-cycle outputs, 
having a self-contained temperature and pressure controlled crystal, 
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and having a temperature-controlled, electrically shielded circuit, 
is shown in Fig. 13. 

The submultiple generator circuit that is used to obtain outputs 
at 10,000 eylces and 1000 cycles is shown in Fig. 14. It consists of an 
inherently unstable vacuum-tube oscillator with the tube operating 
on the curved part of its characteristic. The frequency of this oscillator 
may be controlled readily by any frequency which is a small multiple 
or submultiple of it. In this instance the oscillator is controlled by 
an input having the frequency of its tenth harmonic, the controlling 
high-frequency input being resistance coupled into the plate circuit 
of the lower frequency oscillator. The frequency of the controlled 
oscillator remains indefinitely at an exact submultiple of the control- 
ling frequency. 


Fig. 13—One Complete 100,000-Cvele Standard Frequeney Unit. 


Two such circuits are used, one to obtain current at 10,000 cycles 
and one for 1000 cycles. Of course, additional amplifier circuits are 
required in order to supply outputs of considerable magnitude at these 
frequencies, and in such a way that there can be no reaction on the 
controlling circuits due to load variations or to stray currents at other 
frequencies fed backward through the output circuits. 

A 1000-cycle motor, operated by current controlled at the 100th 
submultiple of the standard, drives generators for producing current 
at 100 cycles and 10 cycles. There are available, therefore, frequencies 
in decade steps from 100,000 cycles to 10, all controlled by the 100,000- 
cycle primary oscillator. 
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The 1000-cycle motor is geared to a clock in such a way that, when 
the controlling frequency has its nominal value exactly, the clock 
keeps accurate time. In order to cheek the frequency of the system, 
therefore, it is only necessary to observe changes in rate of the clock 
so controlled. 


Fig. 14—Cireuit of Sub- Multiple Generator. 


An error of 0.864 second per day in the rate of the clock corre- 
sponds to an error in the frequency controlling it of one part in 100,000. 
It is possible to check the rate of the clock visually with an accuracy 
of about 0.2 second from audible tire signals, but obviously this is not 


Fig. 15—1000-Cvele Synchronous Motor, Generators, and Clock. 


sufficiently aceurate for our purpose, giving an accuracy of only about 
one part in 400,000 in a day's observation. In order to facilitate the 
comparison with time signals, a contact operated by a cam driven by 
the 1000-cvcle synchronous motor makes a contact once each second, 
or to be exact, once for each 100,000 cycles of the primary oscillator. 
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This contact operates one element of a two-clement recorder while 
time signals operate the other. Comparisons may thus be made by 
actual measurements on tape and can be made with greater accuracy 
than can be judged by eye. 

The 1000-cycle synchronous motor, with its two generators and 
induction starting motor geared to the clock, is shown in Fig. 15. In 
this figure the seconds contact mechanism may be seen on the ver- 
tical shaft intermediate between the shaft of the motor and the second- 
hand shaft of the clock. 

The assembled rotor of this motor is shown in Fig. 16. The large 
disk is the 1000-cycle motor rotor. The disk below it is a hollow steel 
flywheel filled with mercury used to reduce hunting. The small rotor 
below the flywheel is the rotor of the unipolar 10-cycle generator. The 
disk above the motor rotor is the armature of the 100-cycle generator. 
The squirrel cage armature of an induction motor for starting is imme- 
diately above the 100-cycle generator rotor. 


S 


Fig. 16—Rotor of Motor Generator. 


A single constant frequency generator is no longer sufficiently re- 
liable as a standard of frequency of high precision and, as has been the 
practice where accurate time standards are maintained, three similar 
units have been installed. Means are provided for interchecking them 
continuously and automatically with the highest precision justified. 
The use of three such generators with means for interchecking them 
makes it possible to determine very quickly if and when one generator 
fails to operate properly. 

Only one submultiple generator, clock, and multiple output am- 
plifier is provided, but a special 3-way switch is used by means of which 
any one of the three primary oscillators may be selected and used as 
the controlling unit. The oscillators may be interchanged in any order 
without interrupting the circuits controlled by them. 

In the method used for automatic interchecking a fourth oscilla- 
tor unit is used, identical with the other three except that the frequency 
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is maintained at a slightly different value. The difference between the 
frequency of this oscillator and that of the other three is kept at about 
1 cycle in 10 seconds. The number of beats between the fourth oscilla- 
tor and each of the other three oscillators is recorded automatically 
during each 1,000-second interval. The number of beats thus recorded 
is approximately 100 during each interval. 

In 1,000 seconds each oscillator generates approximately one hun- 
dred million waves. The numbers that are recorded are, therefore, 
the number of parts in one hundred million by which oscillator No. 4 
differs from each of the three primary oscillators during the interval. 
If the numbers recorded during successive intervals remain the same, 
the oscillators either did not vary, or they all varied in the same direc- 
tion by the same number of cycles. If the numbers recorded in suc- 
cessive intervals vary by say 1, 2 or 5, it means that the oscillators 
have drifted, relative to each other, by so many parts in one hundred 
million. 

Designating the frequencies of the four oscillators by 


Si, fa, Js, f. (1) 
the three numbers recorded are 
1000(fa— fı), 1000(f1— f2), 1000(f,—f:). (2) 
The mean of these numbers is 
Tf ; 
1000( pee = Í *). (3) 


If we subtract each of the original three recorded numbers from the 
mean we obtain 


too j; E at 5- ài (4) 
1000( h- Ans) à; (5) 
1000( h= at s tA) -h (6) 


Thus we may compute readily the performance of each of the four 
oscillators referred to the mean of the three similar primary oscilla- 
tors. It is obvious that the accuracy of intercomparison of the three 
similar oscillators does not in any way depend upon the constancy of 
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oscillator No. 4. For convenience in reducing the results, however, it 
is controlled as carefully as the others. 

The records and computed results for approximately ten hours are 
given in Table I. During this time the largest relative variation be- 
tween any two of the four oscillators taken in pairs was 5 parts in 108. 
The random variations between 1000-second periods appear to be in 


TABLE I 
A Ten-lloun Recorp OsTAINED ny MEANS Or THE Beat ltEcOUuDER 


The columns ôi, à:, and à: indicate the difference between each oscillator and the ineun of the 
three during each 1000-second interval expressed in parts in one hundred million 


Serial Mean (fs —fa) (F=f) (A-f) 
à; ô: ôi 

45 86 92 +6 | 98 +12 69 -17 
44 86 92 +6 98 +12 68 —18 
13 n 92 +5 99 +12 69 —18 
12 T 93 +6 99 +12 70 -17 
41 86 92 +6 99 +13 68 —18 
40 T 94 +7 98 +11 68 —19 
39 86 93 +7 an +13 67 —19 
38 8; 91 +7 99 +12 67 =p 
37 86 93 +7 99 +13 67 —19 
36 87 95 +8 99 +12 66 —21 
35 86 [1 +7 98 +12 67 —19 
34 z 95 +8 100 +13 66 —21 
33 7 94 X 100 +13 66 —21 
32 7 95 +8 101 +13 66 —21 
31 8; 95 +8 101 +14 65 -22 
30 87 94 +7 101 +14 66 —-21 
2 - 94 47 101 +14 65 —22 
2 87 95 +8 101 +14 66 —%) 
27 87 94 +7 102 +15 65 —22 
26 87 95 +8 101 +14 66 —21 
25 88 94 +6 103 +15 66 —22 
24 88 Oo +6 t03 +15 68 —20 
23 89 | 96 +7 103 +14 68 -21 
22 89 95 +6 103 +14 E8 —21 
21 89 95 +6 103 +14 68 —21 
20 90 95 +5 105 +15 69 —21 
19 89 95 +6 103 +14 69 —20 
18 89 95 +6 104 +15 68 —21 
17 88 94 +6 102 +14 68 —20 
16 89 95 -6 104 +15 69 —.0 
15 89 95 -6 102 +13 | 69 —£0 
14 89 95 HG 103 +H 69 =a 
13 89 95 +6 102 +13 69 —20 
12 89 94 T5 103 +14 70 —19 
11 89 95 T6 103 +14 69 —20 
10 90 95 -5 103 +13 71 —19 

4 80 95 46 103 +14 70 —i1i9 

8 89 95 +6 103 +14 69 —20 

7 89 94 T5 103 +14 70 -19 


the order of one or two parts in a hundred million. These random varia- 
tions are superposed on slow drifts of a quasi-periodie nature probably 
caused by temperature changes in the circuit and amounting to less 
than one part in ten million. In addition to these effeets a slow, steady 
drift is expected due to a settling-down of the oscillator cireuit and the 
erystal in its mounting as well as due to aging of the vaeuum tubes 
and even of the crystal itself. The effects of aging can, of eourse, only 
be determined after long continued operation. 
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It is preferable in some cases to refer the performance of each of 
the four oscillators to the mean performance of all four. This is in 
the event that all four oscillators are equally reliable, in which case 
the mean of all four makes a better reference standard than the mean 
of any three. If we designate the numbers 

1000(f, —fi) , 1000(/; — fa) , and 1000(f; — J3) 
by a, b, and c, respectively, it ean be shown readily that the numbers 
a+b+c a+b+c a+b+c a+b+c 
— —, b—— —— and  —- - 


c 
4 4 4 4 


represent the difference between each of the oscillators Nos. 1, 2, 3, 
and 4, respectively, and the mean of all four, expressed in parts, in 


(7) 


Fig. 17—Four 100,000-Cycle Oscillators With Auxiliary Equipment. 


one hundred million. This method treats all four oscillators symmet- 
rically. The symmetry is evident if we substitute in (7) the values 
(2) assigned to a, b, and c, whence we get: 


atb+e_ ioo(^ THAT p n) (8) 
m abo oo (£845 =£) (9) 

"- ioo (IEEE fr) (10) 
athe, o (HER s) (11) 
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The four oscillators used in the equipment described are shown in 
Fig. 17. The panels on which the controlling and measuring circuits 
are mounted are at the right of the picture. The 1000-cycle motor- 
driven clock is at the top of the nearest panel. A schematic of the appa- 
ratus showing the general arrangement of parts is given in Fig. 18. 


C- CLOCK Qa~ OSCILLATOR 100,.090.1 CYCLES. 
SMG- SUBMULTIPLE GENERATOR BFI- BEAT FREQUENCY INDICATOR: 
S~ SPECIAL THREE-WAY SWITCH. R- BEAT RECORDER 

01.02.03 - OSCILLATOR 100.0000 CYCLES. 


Fig. 18—Sehematic of Complete Frequency Standard System. 


The cireuit of one element of the modulator for producing low- 
frequency beats is shown in Fig. 19. The input cireuits A and B are 
supplied from oscillator No. 4 and one of the other three, respectively. 
The plate cireuit includes the windings of a balanced relay which 
makes a contact once for each cycle difference between the input 
frequencies at A and B and which operates the recording mechanism 
accordingly. 


Fig. 19—Balanced Modulator of Beat Frequency Indicator. 


The beat recorder is a counter arranged to count these relay opera- 
tions for a definite time interval, in this case for 1000 seconds, and then 
to print the total and reset to zero. Five such units are provided which 
print on a wide strip of paper similar to that used in an adding machine. 
Three of the counters are used as outlined above. The fourth counter 
is to be used for recording the mean of these three numbers, computed 
automatically by an auxiliary device. The remaining one is a serial 
counter which is used to record the time, either directly or by number- 
ing the 1000-second intervals consecutively. 
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The five-element counter is shown in Fig. 20 with the cover re- 
moved to show part of the mechanism. The energy for actuating the 
counting and resetting mechanism is obtained from a small motor run- 


Fig. 20—Automatic Beat Counter. 


ning continuously. These elements are operated at the proper times by 
clutches controlled by electromagnets which are selected by the relays 
in the modulator circuits described above. The counting, printing, and 
resetting operations are interlocked by means of cams and relays so 


A- COUNTER MECHANISM O - 000'" SECOND CAM 

B- RESET MECHANISM. M- MASTER RESET RELAY. 

C- MAGNET OPERATED CLUTCH. BFI- CONTACT ON BEAT 
FREQUENCY INDICATOR 


Fig. 21—Electrical Circuit of One Element of Beat Counter. 


that no counts may be missed through superposition of operations. 
The electrical circuit of one unit of the recorder is shown in Fig. 21. 

The 1000-second intervals are determined by a cam operated by 
the 1000-eycle synchronous motor. It might be questioned whether 
one of the erystals being checked should be used to determine the 1000- 
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second intervals. No serious error arises from this, however, since the 
percentage variation in the interval due to a change in rate of the cry- 
stal is only one millionth of the percentage variation in the recorded 
beat number. Thus, using one crystal to determine the intervals, 
used in comparing its rate with other crystals, makes the final measure- 
ment subject to an error from this cause of only about 0.0001 per 
cent. 


In order to determine extremely small relative variations in 
frequency between two oscillators a method of measurement is used 
in which the duration of individual beats between two oscillators 
may be measured with an accuracy of about one part in 10,000. This 
is equivalent to saying that the average beat frequency during each 
10-second interval is measured with an accuracy of one part in ten 
thousand. Since the percentage error in the beat frequency is one 


O- OSCILLATOR 100,000.0 CYCLES 
O4- OSCILLATOR 100,000! CYCLES R- RELAX 


A~FILM ADVANCING DEVICE 


S- CIRCULAR TRANSPARENT SCALE 


SMG- SUB! Ti 
D acm SUBMULTIPLE GENERATOR 


BFi- BEAT FREQUENCY INDICATOR 


Fig. 22— Circuit of Device for Determining Beat Periods Accurately. 


million times greater than the percentage error in the primary fre- 
quency, to measure the beat frequency with an accuracy of one part 
in ten thousand is equivalent to intercomparing the primary fre- 
quencies with a precision of one part in ten thousand million. By such 
a precise method of measurement a great deal can be learned about 
the nature of the variations that do occur. 

The circuit of this device is shown in Fig. 22. Fig. 23 is a photo- 
graph of the actual apparatus used in obtaining the data given in 
Fig. 24. À circular transparent scale S, having 100 numbered divisions, 
is driven at 10 revolutions per second by a 1000-cycle synchronous 
motor controlled by one of the crystals. A modulator operates the 
balanced relay at the difference frequency between the crystal- 
controlled oscillators. This relay discharges condenser C; through the 
primary in an induction coil, which discharge produces a spark across 
the gap below the circular scale. The portion of the scale illuminated 
by the spark is photographed on slowly moving film at A. In this 
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manner, assuming a beat frequency of 0.1 cycle per second, 360 checks 
per hour may be obtained with practically no supervision. 

If the sparks occur at exaetly an even number of revolutions of 
the motor apart, the same portion of the scale will be photographed 


Fig. 23— Apparatus Used for Measuring Beat Periods. 


by each spark. If the intervals differ from such a value by 0.001 
second, the successive photographie images will differ by one scale 
division. Thus, the length of the beat periods may be read directly 
from the photographie records with an accuracy of 0.001 second, which 
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Fig. 24—Relative Rates of Two Pairs of Crystal Oscillators 
Showing Small Random Variations in Frequency 


determines the length of the 10-second periods with an accuracy of 
one part in ten thousand. Thus a variation of one division on the 
photographie record corresponds to a relative variation of one part 
in ten billion between the two frequencies, compared during an 
interval only ten seconds long. The whole number of revolutions of 
the scale may be determined readily by auxiliary means. 
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The two graphs in Fig. 24 show typical variations between two 
crystal oscillators operating under rather unfavorable conditions. 
One crystal was not in its sealed bell jar and one circuit was only 
partially shielded and was exposed to draughts of varying temperature. 
Even under these conditions, however, the variations from the mean 
did not exceed one part in 108 during the test. 

The checking methods just described are intended primarily to 
indicate more or less rapid changes in frequency. Slow changes, and, 
of course, the absolute rate, can best be determined in terms of stan- 
dard time. This is done, as previously indicated, by checking the 
rate of a clock controlled by one of the crystals against radio time 
signals. Unfortunately no long checks have been obtained as yet in 
this way, but several tests made over periods of a few days indicate 
a constancy of rate in the order of 0.01 second a day. 

The measurements made so far indicate that the frequency of a 
crystal-controlled oscillator such as described when suitably controlled, 
may be expected to be constant to at least one part in 10? over periods 
of seconds or over periods of days. It is hoped that it will be possible 
in the near future to present accumulated data on the performance 
of the frequency standard system described. 
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OBSERVATIONS ON MODES OF VIBRATION AND TEMPERA- 
TURE COEFFICIENTS OF QUARTZ CRYSTAL PLATES* 


By 
F. R. Lack 


(Bell Telephone Laboratories Inc., New York, N. Y.) 


Summary—The characteristics of piezo-electric quartz crystal plates of the 
perpendicular or Curie cut are compared with parallel or 80-deg. cut plates with 
reference to the type of vibration of the most active modes, the frequency of these 
modes as a function of the dimensions, and the magnitude and sign of the tempera- 
ture coefficients of these frequencies. 

1t is pointed out that the two principle modes of the perpendicular cut plate 
appear to be of the longitudinal type, the high-frequency mode being a function of 
the thickness while the low-frequency is a function of the width (along the electric 
azis). Both modes have a negative temperature coefficient of frequency. Of the two 
corresponding modes of the parallel cut plates, a shear vibration às responsible for 
the high frequency. This frequency has a positive temperature coefficient. The low- 
frequency mode is of the longitudinal type and has a negative temperature coefficient. 

Considering only the high-frequency vibration of these plates it is observed that 
there are characteristic variations of the frequency and temperature coefficient with 
the ratio of dimensions of the plate and the temperature, which are peculiar to the 
parallel cut plate. These variations can be attributed to a coupling of the shear and 
longitudinal modes. 

It is then shown that if the parallel cut plate be treated as a group of coupled 
oscillatory systems with appropriate temperature coefficients the usual coupled 
system analysis will explain the curves of frequency vs. dimensional ratio, fre- 
quency vs. temperature, and temperature coefficient vs. dimensional ratio that are 
characteristic of this plate. This analysis offers an explanation of the low tempera- 
ture coefficients which can be produced by a proper chaice of the dimensidnal ratios. 


ITH the increasing demands of the radio industry for a high 

degree of carrier frequency stability, considerable attention 

has been focused recently on the piezo-electric quartz crystal 

as a circuit element in frequency generating systems. The low damp- 
ing of these mechanical oscillators, combined with their piezo-electric 
properties, makes them particularly suitable for frequeney control where 
a high degree of constancy is required. The frequency stability of 
the quartz plates prepared in the usual manner is, however, often 
not sufficient for many of the demands for constant frequency. For 
instance such a crystal plate does not compare favorably as a sub- 
standard of frequency with a good astronomical clock. To meet the 
demands for frequency sub-standards as well as many other practical 
* Dewey decimal classification: R214. Original manuscript received by the 


Institute, April 3, 1929. Presented in abstract before New York meeting of the 
Institute, April 3, 1929. 
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problems concerning frequency generation in the communication art, 
it becomes necessary to devise methods for improving the frequency 
stability of these crystal systems. This involves a study of the many 
factors upon which this stability depends. 

A erystal plate constitutes an extremely complex vibration system 
with a large number of degrees of freedom which are for the most 
part combinations of certain fundamental types of vibration. The 
ultimate frequency stability attained with a given erystal-controlled 
frequency generator is then a function of the equivalent electrical 
characteristics of the combination vibration set up in the crystal plate 
as well as the constants of the rest of the generator circuit. In par- 
ticular the frequeney change in a crystal oscillator with changes in 
tube constants or attached load is a function of the equivalent 
electrical decrement of the vibration which the erystal happens to 
be executing. Further, the temperature coefficient of frequency of 
the ervstal oscillator depends largely upon the temperature co- 
efficient of frequency of the crystal vibration, which in turn depends 
upon the change with temperature of the various mechanical elastic 
constants that are called into play by this vibration. 

The general relation between stress and strain, which in an ordinary 
isotropie medium involves onlv two constants, in erystal quartz re- 
quires six.! The choice of a particular constant or constants that enter 
into a given mode of vibration depends upon the orientation of the 
plate with respect to the original erystal axes, and the particular type 
of vibration, whether longitudinal, torsional, ete. 

It is to be expected, therefore, that there will be a variation among 
the characteristics of the modes of vibration of plates eut in a different 
fashion, as well as between the different modes of a given plate. In 
praetice we have found considerable difference in the magnitude of 
the electric and electro-thermal constant, between the various modes 
of vibration of a given crystal plate, even when the vibration frequen- 
cies are within a few hundred cycles of each other. 

To secure uniformity of results with respect to frequency stability 
it becomes necessary, therefore, to study the various possible modes of 
vibration of these crystal plates in detail, and set up certain criteria 
by which it will be possible to produce plates that will vibrate in a 
definite mode whose characteristics are known. 

The theoretical aspects of this problem offer considerable difficulty, 
for it will be remembered that the classical ease of the vibrations of 
an isotropic plate whose edges are free has as yet only been solved 


! Voigt’s “Kristallphysik,” pp. 749-755, or Love’s “Mathematical Theory 
of Elasticity,” Chap. VI. 
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approximately? and with the extension of the theory made necessary 
by the crystalline nature of quartz, the complexity of the problem 
is considerably increased, with the possibility of a complete solution 
very remote. 

Using long rods or bars of erystal, instead of plates, other investiga- 
tors’ have been able to set up the three types of vibration (longitudinal, 
flexural, and torsional) common to isotropic bars. Moreover, the 
formulas for these vibrations in isotropic material can be used to deter- 
mine the frequeney of the quartz rods to a good first approximation. 

Returning to the problem of the plate, if the experimentally deter- 
mined facts concerning plates of certain definite orientations are ex- 
amined, it will be seen that they suggest the treatment of the plate as a 
special case of a bar. A résumé of these facts will illustrate this point 
and at the same time indicate the effect of orientation on the character 
of the modes of vibration. 


AMPLITUDE OF RESPONSE 


" | nu 


720 738. —— 7X 744 
FREQUENCY -KILOCYCLE S 
Fig. 1—Showing the response frequencies of 32X47 X2.700 mm parallel-eut 
crystal plate in the region of the major high frequency. 


In general, a quartz crystal plate cut with any orientation with 
respect to the crystal axes will respond to a large number of frequencies. 
A plot of these frequencies showing their spacing and the relative 
magnitudes of response! may be termed the frequency spectrum of the 
plate. Fig. 1 shows part of the high-frequency region of such a spec- 
trum. In these frequeney spectra there are usually one or more fre- 
quencies at which the crystal will react with sufficient voltage to drive 
a vacuum tube in the usual crystal oscillator circuit. 

The relation between these major response frequencies and the 
dimensions of the plate for the two principal orientations can be out- 
lined as follows: 

2 Rayleigh, “Theory of Sound,” Chap. X and X4. 

* Cady, Proc. I. R. E. 10, 85; April, 1922. 

Harrison, Proc. I. R. E. 15, 1010; December, 1927. 
Giebe, Zs. f. Phys., 46, 607, 1928. A : 
‘The amplitude of response in this case is the maximum amplitude of 


current through the crystal at constant voltage which in turn is a measure of 
the equivalent series resonant impedance of the crystal system. 
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CURIE on PERPENDICULAR CUT 


When the crystal plate is so cut that its major surfaces are paral- 
lel to the optic axis and perpendicular to an electric axis (the Curie 
or perpendicular cut, see Fig. 2) there are two principal response 
frequencies, one high and one low’ The high frequency is a function 
of the thickness of the plate and to a good approximation is given by 
the expression 


i= (1) 


where t is the thickness in millimeters 
and K — 2.860 X 10°. 


2 


OPTIC AXIS 


MECHANICAL 
AXIS 


— ELECTRIC 
AXI 


Fig. 2—Showing the orientation"of ‘a perpendicular or Curie- 
cut plate with respect to the crystal axes. 


If the plate could be considered as a bar of length ¢ then the frequency 
of a simple longitudinal vibration would be given by the expression 


1 
s= (2) 


where E., is Young's Modulus in the X-F plane and d is the density. 
If the numerical values? of E, and d are substituted in the above ex- 
pression it is found that the same value for K is obtained as that of 


(1). 


5 For this discussion the low-frequency flexural vibration of the type 
described by Harrison will not be considered. 

* For numerical values of the elastic constants and the density of quartz 
see Sosman, “The Properties of Silica,” the American Chemical Society Mono- 
graph Series, 1925. 
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The low frequency is a function of the width, the dimension paral- 
lel to the Y axis, and is given by the same expression as (1) with the 
same value of K, the width in millimeters being substituted for the 
thickness. 

For this type of crystal plate there are then two possible major 
modes which appear to be of the longitudinal type and depend upon 
the same elastic constant. (Young's modulus in the X-Y or equatorial 
plane has the same magnitude in any direction.) 

The temperature coefficient of both these frequencies is negative 
which is in agreement with the temperature coefficient of Young’s 
modulus for the equatorial plane.” 


z 
[o AXIS 


MECHANICAL 
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ELECTRIC 
AX 


Fig. 3—Showing the orientation of a parallel or 30-deg. cut 
plate with respect to the crystal axes. 


TuE PARALLEL on 30-DEGREE CUT 


When the crystal plate is so cut that its major surfaces are paral- 
lel to both the optic and electric axes (the parallel or 30-deg. cut, see 
Fig. 3) this 30-deg. shift in orientation from the perpendicular changes 
the characteristics in some important respects. As before there is 
a high and a low principal frequency, but in this case the high frequen- 
cy sometimes occurs as a doublet (two response frequencies a kilocycle 
or so apart). 

For thin plates of large area the high frequency is a function of the 
thickness of the plate, and is given by the approximate expression 


K 
i 
7 Perrier and Mandrot, Mem. Soc. Vaudoise Sci. Nat. (1923) 1, 333-304. 


p (3) 
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where ¢ is the thickness in millimeters 

and A is now 1.96 x 105. 

It will be noted that this constant differs from that found in the case 
of the perpendicular eut crystal. Moreover, the temperature coefħ- 
cient of this frequency is positive. 

These facts lead one to believe that this is not a simple longitudinal 
vibration. Cady? has pointed out that if it be considered as a shear 
vibration in the X-Y plane the frequency can be calculated using the 
appropriate shear modulus.? 

The low frequency is a funetion of the width, the dimension paral- 
lel to the electrie or X axis, and is given by the same expression and 
constant as the frequencies of the perpendieular eut plate. It has the 
same characteristic negative temperature coefficient. 

For these parallel! cut plates there are then two possible major 
modes whieh, however, differ in type of vibration and sign of tempera- 
ture coefficient. 

Limiting this discussion to the high-frequency region, it is seen that 
these parallel and perpendicular eut plates have different frequency- 
thickness constants and temperature coefficients of opposite sign. On 
closer examination it is found that there is an additional difference 
which involves the variation of the magnitudes of these frequency 
thickness constants and temperature coefficients with the ratio of 
width to thickness of the plate. 

For the perpendicular cut plate the frequency-thiekness constant 
changes but little with the size of the crystal. The saine is true for 
the temperature coeflieient, and from recent measurements on a num- 
ber of sizes of plates the magnitude of this coefficient. lies between mi- 
nus 20 and minus 35 eycles in a million per degree centigrade. 

The parallel cut plate, on the other hand, has a frequeney thickness 
constant which for any but thin plates of large area varies considerably 
with the width. The temperature coefficient also varies with the width, 
and is in addition a function of the tenrperature. This coeflicient has 
a wide range of values whose limits are approximately plus 100 cycles 
in a million per degree centigrade and minus 20 cycles in some special 
instanees, with all possible intermediate values including zero. Then, 
as has been mentioned before, these parallel eut erystals frequently 
have two high-frequeney modes of vibration within a kiloeyele or so 
of each other and will start on either of these modes if the circuit con- 

€ W. G. Cady, Phys. Rev., 29, 617, 1927. 
° If it could be shown that the shear modulus of this plane had a positive 
temperature coeflicient it would substantiate this assumption, but there is no 


information at present available regarding the effect of temperature on the 
elastic constants other than for the two values of Young's modulus. 


Lack: Vibration and Temperature of Crystal Plates 1129 


stants are changed slightly. These two modes usually have widely 
different characteristics. 

Apart from this seemingly erratic variation it has been the ex- 
perience of this laboratory that the parallel eut crystal will oscillate 
more readily in the Pierce type of oscillator circuit. For this reason 
this type of erystal has been used for a number of purposes and these 
observed variations have been the object of considerable study. 

Asa result of this work an explanation has been evolved to account 
for these variations. This explanation not only suggests reasons for 
the above mentioned phenomena, but what is more important, it 
indicates the procedure by which it is actually possible to produce 
crystals having negligible temperature coefficients. Before outlining 
this theory the experimental facts which served as its foundation will 
be diseussed in detail. 
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Fig. 4—'l'he wavelength at which a 2.5-em square parallel-eut crystal plate 
will operate, in an oscillator circuit, asits thickness is progressively reduced. 


FREQUENCY-THICKNESS CONSTANT AS A FUNCTION OF 
DIMENSIONS 
When work on the production of parallel eut crystals in the broad- 
cast frequency band was first started, it was found that it was very 
difficult to grind crystals for certain low frequencies using a 2.5-em 
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square plate because of discrete jumps in frequency for a small re- 
duction of thickness. Fig. 4 is a typical curve showing the wavelength!® 
as a function of the thickness for a 2.5-em square erystal. This curve 
should be a straight line (for from equation (3) it is evident that 
A-—K't) but it will be noted that there are certain discontinuities at 
the upper end. It was found that these discontinuities were present 
at frequencies that could be identified with harmonies of the frequency 
which the crystal would have if it were vibrating in the direction of 
its length along the electric axis. 

This was the first definite indication obtained in these laboratories 
that the longitudinal vibration of the crystal in the direction trans- 
verse to the applied field could affect the frequency supposed to depend 
only on the thickness. It was checked by further work on erystals of 
other dimensions, and in each case the position of these disconti- 
nuities was found to depend on the width of the crystal. 


TE E 


Fig. 5 


The presence of a resonant system whose frequency depends upon 
the width is evidently responsible for this phenomenon, this system 
affecting the frequency of the vibration along the thickness through 
some form of mechanical coupling. At the suggestion of R. A. Heis- 
ing of the Bell Telephone Laboratories, an explanation of these ex- 
perimental facts was developed based on the treatment of the plate 
as a system of coupled circuits.!! Consider the two coupled oscillatory 
circuits shown in Fig. 5, having the uncoupled radian frequencies w, 
and we, then the frequencies of the coupled system in the absence of 
damping will be given by the usual expression”? 


VA Geo?) + $V (an? 02) FAktoto? 
V1-—k? 


(4) 


Ww 


k being the coupling. 

If these two frequencies be plotted as a function of the tuning of 
the second circuit, i.e., w, the familiar set of curves shown in Fig. 6 re- 
sults. 


10 Tn plotting the change in rate of vibration of a crystal plate as a function 
of the dimensions it is more convenient to use wavelength instead of frequency 
because of the direct linear relation between the dimensions and the wavelength. 

n The term “circuit” is introduced here to describe a mechanical oscil- 
latory system because many readers are accustomed to think in terms of electrical 
circuits. 

12 See Pierce, “Elec. Osc. and Waves,” Chap. VII. 
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Suppose now other circuits are added to the system as shown in 
Fig. 7, each additional circuit being fixed at a harmonic of the uncoupled 
frequency of circuit No. 2, and so linked with this circuit mechanically 
that the group is tuned as a whole. 


| 


COUPLED FREQUENCIES ws 


Ia “2 


TUNING OF CIRCUIT #2 


Fig. 6—Showing the radian frequencies of a system of two coupled circuits 
a8 a function of the tuning of one circuit, the tuning of the other circuit 
being fixed. 


There are now two possible combinations depending upon which 
circuit or group of circuits is kept fixed while the other is varied. If 
the case in which the second group of circuits is kept fixed be examined 
first, it will be seen that as the frequency of circuit No. 1 is varied, it 


LEE, 
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Fig. 7 


will come into tune successively with each of the circuits of the second 
group. The result will be a series of coupling curves with the character- 
istic reaction illustrated by Fig. 6 repeated at each coincident point. 
If it be assumed that the coupling decreases as the order of the harmon- 
ic inereases, then the magnitude of the reaction also decreases. This 
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is illustrated by Fig. 8 which shows the coupling curves of such a sys- 
tem plotted in terms of the equivalent electrical wavelength. 
Returning to the crystal plate, if the vibration in the direction 
of the thickness be identified with circuit No. 1 while the width vibra- 
tion and its harmonics be identified with circuit group No. 2, then Fig. 
8 should represent what happens to the crystal wavelength as the thick- 
ness is reduced. Comparing Figs. 4 and 8 it is seen that this is true in a 
restricted region but that the wavelengths which depend upon the 
width vibration do not continue much beyond the coupling region in 
the experimental curves. This is to be expected, for these wavelengths- 
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Fig. 8—Showing the wavelengths of the system of coupled circuits of Fig. 7 
as a function of the tuning of circuit No. 1, the tuning of circuit group 
No. 2 being fixed. 


whieh depend upon a harmonie of a vibration transverse to the ap, 
plied field, are more difficult to excite than the fundamental in the 
direetion of the field. "This partieular point is diseussed further in 
connection with temperature coefficients. 

If now the case be examined in whieh the tuning of the second 
group of circuits is varied, it will be seen that the coupling curves 
are slightly different in character. The curves for this case are illus- 
trated by Fig. 9, whieh shows the wavelengths of this system as a func- 
tion of the tuning of circuit group No. 2. Fig. 10 showsthe wavelengths 
at which a parallel cut plate will oscillate plotted as a function of the 
width. The similarity between this experimentally determined curve 
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and Fig. 9 is at once apparent. There is one anomalous segment of a 
curve between the 7th and 8th harmonies, the line A B;but it is possible 
that this is eaused by the coupling of some third free period which 
has not been considered, perhaps a high order harmonie of a flexural 
vibration. In general, however, the curves of wavelength versus width 
or wavelength versus thiekness for these crystal plates are of such a 
charaeter as to indicate that the analogy between the two systems of 
coupled circuits and the crystal modes of vibration is sufficiently 
good to serve as a useful guide. 
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Fig. 9—Showing the wavelengths of the system of coupled circuits of Fig. 7 
as a function of the tuning of circuit group No. 2, the tuning of circuit 
No. 1 being fixed. 


If, then, these parallel eut erystal plates are considered as a svstem 
of coupled circuits the reason for the variation of the frequency thick- 
ness eonstant with dimensional ratios and the presence of the fre- 
quency doublets is at once apparent. With the coupling at the various 
harmonies determined, the character of these variations ean be pre- 
dieted. Given an experimentally determined series of coupling curves 
similar to Fig. 10, the coupling at the nth harmonie can be determined 
from the expression AA 

a) 
-— 3E (5 


Ke 
+1 
2 
where \’ and A” are the wavelengths of the coupled system at the 
point where ^, = nÀs. 
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TEMPERATURE COEFFICIENT AS FUNCTION OF 
DIMENSIONS AND TEMPERATURE 


As mentioned above, when the temperature coefficients of these 
parallel cut crystals were studied it was found that there was consi- 
derable variation between plates having the same thickness but slightly 
different areas, and the temperature coeflicient of a given plate was 
found to be a function of the temperature. To illustrate this last point 
a typical frequency-temperature curve for a parallel cut crystal is 
shown in Fig. 11. It will be noted that the frequency increase is linear 
until a given temperature is reached, at which point the curve flat- 
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Fig. 10—The wavelengths at which a parallel-cut crystal will operate in an 
oscillator circuit as its width (the dimension along the electric axis) is 
progressively reduced. The other dimensions are fixed. ^; —153 Xthickness. 

Thickness along mechanical axis = 1.64 mm 
Length along optic axis =54.8 mm 


tens off and then begins to reverse. Just beyond the point of reversal 
the frequency jumps to a new value, and if the curve is continued 
the frequency increases again at the same rate as originally. This 
type of frequency-temperature curve is common to a large percentage 
of parallel eut erystals, the only difference being the width of the 
flat part of the curve and the temperature at which the discontinuity 
oceurs. 

W. A. Marrison of the Bell Telephone Laboratories first suggested 
that low temperature coeffieients could be obtained with parallel cut 
crystals by utilizing the coupling of two modes of vibration having 
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individual coefficients of opposite sign. Several of this type of low 
temperature coefficient crystal were produced by Marrison and are 
described in his concurrent paper, "A High Precision Standard of 
Frequency." 

If Heising's coupled circuit analysis is extended to include the effect 
of temperature, and if the proper temperature coeflicients with due 
regard to relative magnitude and sign are identified with each cir- 
cuit, the change in temperature coefficient with dimensional ratio and 
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Fig. 11 — The frequency change of a 32 X47 X2.760 mm 
parallel-cut ervstal with temperature. 


temperature can be explained. In addition, the relative value of the 
tuning of the oscillatory cireuits or, in terms of the crystal plate, the 
dimensional ratios which yield zero temperature coefficients for a 
given temperature can be predicted if the coupling is known. 
Referring again to Figs. 5 and 6, suppose the two coupled cir- 
cuits have temperature coefficients of opposite sign, circuit No. 1 being 
positive and circuit No. 2 negative, then for o; less than w, say at the 
point A, Fig. 6. w’ has a positive and w’’ a negative temperature co- 
efficient. For a value of w: greater than w say at B, w now has a neg- 
ative and w” a positive temperature coefficient, w’ and w” having 
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interchanged roles. Somewhere between, therefore, both w’ and qw" 
must have had a zero temperature coefficient. Returning to (4), if 
this expression for w be differentiated with respect to the tempera- 
ture, regarding k, the coupling, as constant, and the result placed 
equal to zero, the condition that w is independent of temperature" is 


obtained as follows: 
ww (m — n) 
BE (6) 


(meo? — nox?) 
where m= (1/«i) (doy/dT) = temperature coefficient of circuit No. 1 
n= —(1/ar)(dw,/dT) — temperature coefficient of circuit No. 2. 
Now let Q= n/m; then (6) becomes 


Ww? = 9 1  — — — —— (7) 


Solving (7) for w/w, and replacing w? by its value from (4) we obtain 


(peces Meo EE 


"T 2Q 2Q Q 
which when k is small becomes 
2 k(1l—¢ 
(=)= ( i 2) 4 (8) 
01 VQ 


This equation gives the tuning points, or the values of w, at which 
the radian frequencies of the coupled system, w’ and w’’, will have zero 
temperature coefficients, in terms of the ratios of the uncoupled 
temperature coefficients and the coupling. 

Referring again to Fig. 6, wo’ and w” represent the values of 
w and e" which have zero temperature coefficient provided that 
m is greater than n, that is, the temperature coefficient of « is greater in 
magnitude than that of w. Carrying this idea over to the case of the 
group of cireuits for which the curves of Figs. 8 and 9 are drawn, there 
will be points of zero coefficient in the neighborhood of each coupling 
point as indicated by the circles on the curves. 

The above conditions for zero temperature coefficient apply only 
if the coefficient as a function of the tuning be considered in the region 
of some given temperature. If the temperature is varied over a consider- 


5 F, B. Llewellyn of the Bell Telephone Laboratories is responsible for this 
analysis. 
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able range, a small change in the tuning of both circuits is effected, 
one having its frequency raised, the other lowered. The result of this 
tuning on the frequencies of the coupled system can be illustrated by 
Fig. 12, which shows the tuning with temperature on a magnified seale. 
In this figure the lines w, and w represent the change in frequency of 
these circuits with temperature if there were no coupling between 
them. The change in the frequencies of the coupled system with tem- 
perature is shown by the curves w’ and w”. It will be seen that both 
these frequencies pass through regions of zero temperature coefficient. 


FREQUENCY 


20°C 


TEMPERATURE 


Fig. 12—Effeet of temperature on the radian frequencies of a systen of two 
coupled circuits having temperature coefficients of opposite sign. 


Such frequency-temperature curves can be derived graphically 
by a construction similar to that shown in Fig. 13. This figure illus- 
trates what happens when the tuning of both circuits No. 1 and No. 2 is 
varied, and consists of a series of the usual coupling curves (the coupled 
frequencies plotted as a function of v») each set of curves of the series 
being drawn for a different value of w: When the temperature is in- 
creased from T, to T the uncoupled frequency of circuit No. 2 is re- 
duced by an amount Aw, and the uncoupled frequency of circuit No. 1is 
increased by an amount Aw. The result is that the frequencies w’ and 
w” move from curve to curve in the direction shown by the lines AB 
and CD. 

If now the variation of the temperature coeflieient of a crystal 
plate when used in an oscillator circuit be examined at a given tem- 
perature as the width is changed (whieh amounts to a change in the 
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tuning of the transverse vibration) it will be seen that the experimen- 

tal results are in accord with the above treatment. Fig. 14 shows the 

temperature coefficient of the two frequencies of a crystal plate at 

58 deg. C as its width is progressively reduced in the neighborhood 
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Fig. 13—Effect on the radian frequencies of a system of two coupled circuits 

as the individual circuits are tuned simultaneously in opposite directions. 

of the 5th harmonic of the transverse vibration. These curves show 

how the temperature coefficients change sign in this region. ` The 

dotted sections of the curves are extrapolated, for owing to the rapid 

reduction in activity once a coupled frequency acquires a negative 
voe : 
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eot. 
Fig. 14— The change of temperature coefficient of a parallel-cut crystal at 
58 deg. C as the width is progressively reduced in the region where the 
fifth harmonie of the vibration in the direction of the width coincides with 

the frequency of the vibration in the direction of the thickness. 


coefficient, data on the erystal plate used as an oscillator are difficult 
to obtain in this region. 

Returning to the experimentally determined curve of frequency 
versus temperature for a parallel cut crystal plate shown in Fig. 11, 
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this can also be explained with the aid of the above analysis. Refer- 
ring to Fig. 12, if it be assumed that at 20 deg. C the erystal is oscil- 
lating with a frequency A, this is in the region where this particular 
frequency has a positive temperature coefficient. As the temperature 
increases the frequency increases in the direction of B, passing through 
a maximum at the point wo’ where it has zero coefficient, and then de- 
creases. As the frequency decreases the activity of this particular 
mode decreases rapidly and finally the crystal frequency hops to point 
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Fig. 15—The response frequency spectra of a parallel-cut crystal plate at dif- 
ferent temperatures illustrating the interchange of activity between the two 
frequencies as the frequencies of the two modes of vibration pass through 
a coincident value. 

Length of plate along optic (Z) axis=47 mm 
Width along electric (X) axis 219.35 mm 
Thickness along mechanical (Y) axis 22.75 mm 


C on the o" curve. From this point on the frequency increases with 
temperature, for this frequency has a positive temperature coefficient 
in this region. 

If it were not for the decrease in activity of the period with the 
negative temperature coefficient it would be expected that the crystal 
frequency, instead of "hopping" would continue to decrease with in- 
crease in temperature. In some instances (for low order of harmonics) 
the erystal frequeney will decrease for a few degrees, and it is found 
that the magnitude of the negative coefficient for this region approxi- 
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mates that to be expected for the transverse vibration alone. In general, 
however, a frequency jump occurs just after the zero temperature co- 
efficient region is passed. 

This interchange of activity of these two periods as they inter- 
change temperature coefficients can be studied in detail by examining 
the changes in the spectrum of a crystal at different temperature levels. 
Fig. 15 shows a series of spectra of a crystal taken for different tem- 
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Fig. 16—The frequency change with temperature of two 
parallel-cut crystals of different width. 
Curve A region of eighth harmonic 
(width =32.0 mm) 
Curve B region of fifth harmonic 
(width =19.35 mm) 
Both plates" have a length of 47 mm and a thickness ofj2.75 mm. 


peratures in the region of zero temperature ceofficient, the dimensions 
of the crystal being unchanged. These spectra illustrate the rapid 
decrease in activity of the frequency w’ after it passes through zero 
temperature coefficient while at the same time w” increases and assumes 
the place of major activity vacated by w’. 

4 The information represented in Figs. 11, 14, and 16 was obtained from 


four different crystal plates of a group which were exactly similar with respect 
to orientation and original dimensions. 
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The assumption that the coupling increases with the decrease in 
the order of the harmonic finds confirmation in the experimentally 
determined facts as computed from curves of the type shown by Fig. 10. 
As the coupling increases the temperature range for which there is 
no frequency change with temperature increases, that is, the region 
of zero temperature coefficient becomes extended. To illustrate this, 
Fig. 16 shows two curves of frequency versus temperature, one for 
the coupling of a 5th harmonic, the other for an 8th. 

It would, of course, be desirable to extend the zero temperature 
coefficient range over the limits of temperature to be expected in 
normal operation. This necessitates tight coupling of the two modes 
which in turn demands a dimensional ratio in the neighborhood of 
unity. The cross sectional area of such a plate in the direction of 
its thickness and width approaches a square in shape which, for 
high-frequency crystals, is of very small dimensions. 

Before concluding it should be noticed that since both modes of 
the perpendicular cut crystals have a negative temperature coefficient 
it is to be expected that it would be impossible to obtain zero tempera- 
ture coefficient crystals with this orientation. This seems to be true 
as far as our experience with those crystals is concerned. 
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THE KYLE CONDENSER LOUD SPEAKER* 


By 
V. Ford Greaves, F. W. Kranz, AND W. D. CROZIER 


(Newcombe-Hawley Laboratory, United Reproducers Corp., St. Charles, Illinois) 


Summary— By using the Kyle principle of construction, it has been possible 
to develop a practicable condenser loud speaker. The Kyle construction uses a 
flexible dielectric diaphragm in contact with the high points of a rigid, undulated 
metal plate. The electrodes of the condenser are the rigid plate and a flexible metal 
layer attached to the opposite surface of the dielectric. A compuratively large actu- 
ating force is thereby obtained and at the same time sufficient amplitude of motion is 
permitted to give efficient and faithful reproduction. 


I. INTRODUCTION 


Y electrical means it is possible to produce a mechanical force in 

one of two ways, magnetically or electrostatically. In most 

practicable loud speakers up to a recent date only magnetic 
forees have been used. It has long been recognized that an elec- 
trostatie loud speaker is theoretically possible, but numerous attempts 
to design one have met with indifferent success. The fundamental 
diffieulty seems to have been that in order to obtain sufficient attrac- 
tive forces, electrode separations have had to be so small that the de- 
vice was impracticable to construct, and that the small separations did 
not permit sufficient amplitude of motion. 

However, a way of surmounting this diffieulty has been shown 
by Colin Kyle! and a loud speaker has been designed on the Kyle 
principle which gives very satisfactory performance. 

This paper will present some of the theoretical considerations in- 
volved in the design of the Kyle type of speaker, together with a brief 
discussion of the practical problems met with in its design and appli- 
cation. 

Il. THEORETICAL 


a. Electrostatic Attraction in a Condenser. 


Considering an electrical condenser formed by two flat parallel 
plates with the space between the plates partly filled by a slab of di- 
electric material of thickness ¢ and dielectric constant, K,and the remain- 
der of the space filled by air, the force between the plates is given by 

AV? 
F=— (1) 
8r {h—t(1—1/)K}? 


* Dewey decimal classification: R376.3. Original manuscript received by the 


Institute, April 9, 1929. 
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where A =area of plates, V = potential difference between the plates, 
and h=distance between the plates. 
As h approaches t, the force will approach F, which is given by 
F AV?K? (2) 
; 8rt? 
If the relationship between A and t is given by h=nt, (1) will reduce 
to (3) 
1 
FQeRPEC—————á: 3 
[1(n- DK]? (3) 
In Fig. 1 is presented graphically the computations from (3) for 
three values of dielectric constant. The curves show that the force 
between the plates falls off very rapidly as the thickness of the air 
layer increases relatively to that of the dieleetrie slab. 


A ee pm awh 
100 F. (it Kin-0y t 
r = AVK! 


s N t. Bt 


Fig. I— Variation of Force between Condenser Plates with 
tRelative Thiekness of Air Film. 


b. Action of Kyle Reproducer. 


The Kyle reproducer is shown diagrammatically in Fig. 2. It con- 
sists essentially of a perforated metal back plate a having corruga- 
tions or other undulated surface, a flexible dielectric diaphragm b 
stretched over this baek plate so as to bridge aeross the depressions, 
and a thin flexible conducting coating c cemented or otherwise secured 
to the surface of the diaphragm opposite the back plate. 

As illustrated in Fig. 1, the attractive force is largely confined to a 
narrow zone adjacent to the contact point, and in this zone it may be 
comparatively large if the dielectric is thin and A is not too small. 

As the diaphragm is attracted under the influence of the electro- 
static force, the area of contact is increased and the diaphragm rolls 
down the slopes of the depressions. The air space is still wedge-shaped 


1144 Greaves, Kranz, Crozier: Kyle Condenser Loud Speaker 


near the point of contact so the attracted area moves down the slope 
also. The reproducer owes its efficiency to the fact that we have this 
wedge-shaped air space which permits a large force to be exerted and 
at the same time allows a large amplitude to motion. 


c. The Biasing Voltage. 


As shown above, the attraction between the back plate and flexible 
diaphragm may be expressed in the form 


F=My? (4) 


where M is a constant and V is the potential difference between the 
plates. This is a law of force which is analogous to the law in the mag- 
netie telephone receiver and the thermophone, and so it appears that 
a permanent biasing potential is required in the condenser speaker just 
as a permanent magnetic field is required in the magnetic receiver and 
as a d-c heating current is required in the thermophone. 


b’ a 
Fig. 2—Cross Section of Kyle Speaker. 


To illustrate we shall take the case of an applied direct voltage and 
two alternating voltages. The force acting between the plates is then 
given by (5) 

F =M(Vo+ Vi cos pt 4- V: cos qt)? (5) 


V, being the direct voltage, Vi and V? being the maximum values 
of the alternating voltages, p and q being their respective angular veloc- 
cities. Expanding (5) we get, 


PF2M(Ve-TIVSRAIV.S (a) 
+M(3V2 cos 2pt+ V3? cos 241) (b) (6) 
-M(VVVs eos [p-Eq]t--ViV2 eos [p—q]t) (6) 
+M(2V Vi eos pt+2VoV2 cos qt). (d) 


Part (a) represents a steady component of the force which draws the 
diaphragm away from its neutral position but does not contribute to 
the sound. 

Part (b) represents alternating components of the force with fre- 
quencies double those of the impressed alternating voltages and which 
therefore introduce double frequency distortion into the sound. 
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Part (c) represents alternating components of the force with fre- 
quencies which consist of sums and differences of the incoming fre- 
quencies considered in pairs, and which introduce the corresponding 
distortion into the sound. 

Part (d) represents the alternating components of the force which 
correspond to the impressed voltages and which produce the desired 
sound. 

Consideration of the coefficients of the terms in (b) and (c) as 
compared with (d) shows that the predominance of the desired sound 
represented by (d) over the undesired sound from (b) and (e) depends 
on the predominance of V, over Vi and V». If Vo is large compared 
with V; and V;, then 2 V,V;, and 2 VoV2 are large compared with 
V, V», ¿V and 4V. In other words, the correct biasing voltage Vo 
must belarge compared to the amplitudes of the alternating voltages in 
order that the resulting sound wave forms may be a reasonably good 
representation of the wave forms of the alternating voltages. 

Since the coefficients in (d) contain Vo as a factor, the efficiency as 
well as the tone quality depends on Vo. With a given amplitude of 
alternating voltage the amplitude of the force varies directly with Vo 
and the energy output varies directly with V.?. 


d. Operating Characteristics of the Kyle Speaker. 

Frequency response curves of these speakers taken with a constant 
alternating voltage applied between the plates show the following 
characteristics. The response is practically flat between 100 and 1000 
cycles. Above 1000 cycles there is a strong rising tendency, the curve 
reaching a maximum at about 5000, above which it drops very slowly, 
retaining a considerable intensity at 10,000. There is practically a 
total absence of peaks and irregularities in the curve. 

We have in the wave emitted from this speaker a condition which 
is seldom met with in acoustic devices. The different parts of the ra- 
diating area move independently and accurately in phase so that in 
the case of the flat speaker the result is the emission of practically a 
perfect plane wave at all frequencies. Very interesting diffraction effects 
are observed when the speaker is operated in a deadened room. There 
is à well defined interference pattern and a marked dependence upon 
frequency of the divergence of the sound beam. These effects are, of 
course, not particularly noticeable in the ordinary room but they make 
it difficult to obtain a single response curve which adequately repre- 
sents the preformance of the speaker. 

The above description of the characteristic was derived from con- 
sideration of curves taken at a large number of positions and weighted 
mentally. 
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The performance of this type of speaker, as of any other type, is 
influenced by the characteristics of the circuit in which it is used. Being 
a voltage operated device, anything which affects the voltage appear- 
ing across the plates will have the corresponding effect on the response. 
A satisfactory approximate analysis of the circuits may be made by 
considering the impedance of the condenser speaker as being due only 
to its static capacity. The experiments bear out the fact that this com- 
ponent of the impedance is the predominating one. 

An example of this analysis is illustrated in Fig. 3. The circuit 
shown is approximately the equivalent, as far as the a-c characteristics 
are concerned, to the output circuit of a vacuum-tube choke coupled 
to a condenser speaker. The graph shows the variation with frequency 
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Fig. 3—Voltage Division between Condenser and Resistance. 


of the voltage appearing across the condenser. It is therefore seen that 
if we measure the response of a condenser speaker maintaining a con- 
stant voltage across it, giving the response curve described above, 
the response in the cireuit shown may be obtained by multiplying 
the ordinates by the ordinates of the proper curve of Fig. 3. The 
fact that the speaker has a rising characteristic makes it possible by 
choosing the proper value of RC to match it into the circuit so as to 
give almost a perfectly flat response over practically all of the useful 
part of the audible range. 


III. PRACTICAL DESIGN 
a. The Back Plate 


An extensive series of experiments has led to the form of back plate 
which is being used at present. In order to reproduce successfully 
low-frequency sounds it is necessary to have a considerable portion of 
the diaphragm moving with a considerable amplitude. On the other 
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hand, the force on the diaphragm depends on the length of the wedge 
shaped air spaces which increases with the number of points of con- 
tact. The present design is a compromise in which the greatest linear 
contact length is used which will permit of satisfactory frequency 
response. It has been empirically determined that for the kind of 
diaphragm material used the best compromise is effected when the 
back plate is corrugated with a shallow wave 0.012 in. deep and 3/4 in. 
from crest to crest. The design of the plates depends also to some ex- 
tent on the biasing voltage to be used. The present plate has been de- 
signed to use from 500 to 600 volts as it has been found that voltages 
of this order are necessary to procure satisfactory efficiency and tone 
purity. 


Fig. 3a—48-Section Speaker for Sound Pictures. 


In order to procure freedom of motion of the diaphragm it is neces- 
sary that the back plate be perforated to permit free passage of the 
air in and out of the space between it and the diaphragm. A slot has 
been determined which satisfactorily vents the plate without reducing 
the area too greatly and which reduces excessive viscous resistance to 
the air movement. To insure that the diaphragm remain in close con- 
tact with the crests of the corrugations the plate is made slightly con- 
vex toward the diaphragm. 

The back plate should be made of fairly thick metal to give as much 
stiffness as possible. The kind of metal is not so important being chiefly 
governed by cost considerations and the necessity for avoiding corro- 
sion. 
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The speakers are at present being made in self contained units of 
8 in. by 12 in. size. This plan offers flexibility in their use, as various 
sizes and shapes of speakers can be built up from these units. 


b. The Dielectric. 


Referring to (2) it is seen that in order to get the largest force the di- 
electric must be as thin as possible and have a high dielectric constant. 
However, in order to obtain sufficient dielectric strength and also to 
remain within manufacturing limitsit is hardly practicable to use thick- 
nesses below 0.005 in. or 0.004 in., in the materials which have proven 
to be satisfactory. To obtain a sufficient margin of safety it is desira- 
ble that the dielectric strength be at least 2000 volts. The speakers are 
tested at this voltage in order to discover any weak spots or pin holes. 
There is not much freedom of choice in the matter of dielectric con- 
stant and so far the material has been used which has satisfactory prop- 
erties in other respects. 

It is absolutely necessary that the diaphragm material possess a 
degree of flexibility approximately equal to that of rubber dam. Addi- 
tional stiffness seriously affects the freedom of motion, especially at 
low frequencies. 

The material must not deteriorate rapidly with respect to its die- 
lectrie strength and flexibility. A life of three or four years is perhaps 
the minimum that may be permitted. 

A special rubber compound called Kylite has been developed giving 
these desired properties. 


c. The Metal Coating. 

The metal coating on the front surface of the diaphragm must be 
sufficiently flexible so that no appreciable stiffness is added to the dia- 
phragm. Beaten leaf is perhaps the most satisfactory material so 
far tried. If a leaf or foil is used it must be not much thicker than 
0.0001 in. and preferably thinner. 


IV. APPLICATION 
a. Mounting. 


The performance of any loud speaker is improved by use of an 
appropriate baffle. The Kyle speaker requires less additional baffle 
than a small cone because its own area acts as a partial baffle. To re- 
produce satisfactorily the lowest frequencies of which the speaker is 
capable it is desirable to have a baffle which adds a margin of at least 
10 in. around the edge of the reproducing unit. This may be in the 
form of a rectangular box or flat, as shown in Fig. 4. 
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It is necessary that considerable freedom be left behind the speaker 
for movement of the air. The rear should not approach closer than 
6 in. to a solid wall, but the space back of the sections can be utilized 
for a radio set and power pack provided that they do not fill up the 
area too solidly. For the speaker sections to be used most etfectively 
they should all be in approximately the same plane, the plane facing the 
normal position of the listener, 


Fig. 4—K yle Speaker Bafles. 


Care must of course be taken that nothing in the baflle or speaker 
mounting resonates appreciably with a natural period in the audible 
frequency range. An exceptionally objectionable resonance comes in 
occasionally if a large area Kyle speaker is solidly supported all around 
its periphery. In this case the whole speaker itself is likely to vibrate 
as a diaphragm and attain sufficient amplitude to cause the Kylite 
to be thrown away from the back plate and produce a buzzing sound. 
The remedy for this condition is to divide the speaker by a stiffening 
member or to use braces attached to the center of the speaker. 


b. Circuits. 

Asordinarily hooked up, the circuit using the condenser speaker may 
be considered equivalent to that of Fig. 3, where R is the output im- 
pedance of the amplifier and a constant input voltage E is being applied. 
The capacity C of the speaker averages about 0.004 uf per 8 in. by 12 in. 
section. Referring to the curves of Fig. 3 it is seen that we can alter 
the frequency response of the combination by changing the value of 
the product RC. We can change R by changing the output tube or by 
using a transformer between it and the speaker, and we can change C 
by using different numbers of sections in the speaker or for special 
purposes by connecting groups of sections in series-parallel. The series- 
parallel connection is not very desirable for most installations as it 
complicates the biasing circuit. It may be mentioned that we can in- 
crease R by merely inserting an auxiliary resistance in series with the 
speaker. This is not very desirable as we thereby improve the fre- 
quency response only at the expense of efficiency. 
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With the present type of 8 in. by 12 in. units a value of about 
RC —65 (R being expressed in ohms and C in uf gives the flattest 
frequency response for a small speaker of four 8 in. by 12 in. sections, 
while RC = 100 gives the best result on a speaker of, say, six sections. 
The difference is due mainly to the fact that the high frequencies 
emerge in a beam and that the beam is sharper with the larger speaker. 


Condenser 
Speaker 


Fig. 5—Biasing Unit for Kyle Speaker. 


The higher value of RC gives less total response in the high frequencies, 
but on account of the fact that they are more effectively concentrated 
on the listener in the usual listening position, the effect is practically 
the same. 

If an exceedingly large speaker is built the beam effect becomes 
rather objectionable if the sections are all used in the same plane. 
A 24-section speaker was found to give good response over an angle 


2/0 0r 250 


Input 


Output Choke 


Fig. 6—Use of Plate Voltage for Biasing Kyle Speaker. 


of about 30 deg. using a value of RC =180, but outside of this angle 
the high frequencies were low in intensity. 

A 48-unit speaker designed for talking picture reproduction is 
shown in Fig. 3a. This unit is inserted integral with the sound trans- 
parent picture screen and can be hoisted asa fly. 

If the front of the speaker is set on a curved surface instead of 
flat, the beam effect can be utilized to cover just the horizontal angle 
desired, keeping the vertical divergence small. The sound can then be 
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focussed to cover the auditors without projecting a large proportion 
toward the ceiling. When used in an auditorium there is some effect 
in reducing the reverberation as the total energy input into the room 
for a given loudness to the auditors is smaller than it would be if the 
sound were projected uniformly in all directions, and in addition the 
sound is projected toward a good absorbing surface, the audience. 

A 96-section speaker was built on these principles to cover a hori- 
zontal angle of about 90 deg. It was found that the best frequency 
response was secured with RC = 60. 


Fig. 7—Adaption of Amplifier and Power Back to Kyle Speaker. 


In matehing the speaker to an amplifier the characteristics of the 
amplifier, of course, have an important bearing. For example if the 
amplifier has a rising response characteristic toward the high fre- 
quencies it is possible to use a higher value of RC than if it were flat. 

As shown above the force on the diaphragm at the desired fre- 
quencies is proportional to the product of the biasing potential and 
the alternating input voltage. This means that the energy output 
with constant input is proportional to the square of the biasing vol- 
tage. Practically this is only true within limits. If the biasing vol- 
tage is carried too high the diaphragm is drawn tightly against the 
back plate and placed under considerable tension. The result is a 
decrease in efficiency, rather than an increase, especially on the low 
frequencies. With the units constructed as at present a biasing vol- 
tage of 500-600 is as high as should be used. 

Figs. 5 to 7 illustrate circuits applying the Kyle reproducer. Fig. 
5 is the circuit of the biasing unit which is used with the individual 
speaker to be attached to any radio set. The 201A tube has proven a 
very satisfactory rectifier for this service as the current drain is practic- 
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ally nil. It will be noted that no filtering circuit is included. This is 
possible because no current is used in biasing the speaker. The charge 
on the speaker builds up until the voltage reaches that of the peak after 
which no current flows and no hum is perceptible. 

Fig. 6 shows the simplest connection possible, no auxiliary appa- 
ratus whatsoever being used. If the connection to —C is used the im- 
pedance between +C and —C should be small, otherwise a bypass 
condenser should be used from the speaker to + B and a grid leak in- 
serted between the speaker and —C. 

Fig. 7 shows means for adapting the power pack of an amplifier to 
furnish biasing voltage in excess of that furnished in the plate voltage. 
These diagrams are not intended to show all the possibilities by any 
means but only to illustrate the requirements. 

In cases where the speaker is to be built into the radio set the prob- 
lem of installation is fairly simple. The speaker units may be made to 
cover practically the entire front area of the console, leaving narrow 
spaces for bringing through the set controls. Some very satisfactory 
models have been made up in which all controls were eliminated from 
the front of the console, the control knobs being placed at the end and 
the indicating dial appearing on top. 
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DETECTION AT HIGH SIGNAL VOLTAGES 
Part 1 
Plate Rectification with the High-Vacuum Triode* 


By 


STUART BALLANTINE 
(Radio Frequency Laboratories, Ine., Boonton, N. J.) 


I. INTRODUCTION 


URING the past five vears an abundant literature has grown 
D up dealing satisfactorily with the detection of small signals 

both from the theoretical and experimental viewpoints. A 
convenient theory can be formulated mathematically when the applied 
voltages and the higher tube parameters are small by means of the 
series method first employed by Carson in discussing the plate circuit. 
This has been done by Carson! for detection in the plate circuit, and 
by Lewellyn? and Ballantine? for rectification in the grid circuit. 

The performance of the detector in the more complicated case in 
which the signal voltage and higher order tube parameters are high, 
however, does not seem to have been accorded much experimental 
attention, nor does the theory seem to have been satisfactorily worked 
out. It may be noted from the mathematical side that as the carrier 
voltage is increased the higher order terms in the Carson series formu- 
lation become increasingly important and the computations from it 
soon become laborious beyond the point of usefulness for ordinary 
purposes of investigation. Chaffee has devised an ingenious theory in 
terms of closed integrals over the usual d-c characteristics and certain 
differential parameters of the detector which offers some advantages 
in computation over the series method, but these are hardly sufficient 
to make it a practical tool of investigation. 

In my own work in this field I have employed three methods of in- 
vestigation: 

(1) A descriptive theory which attains its greatest simplicity in the 


case of a purely resistive load in the plate circuit, when a graphical 
solution can be obtained; 


. * Dewey decimal classification: R134. Original paper received by the In- 
stitute, March 15, 1929. Presented at the R. F. L. Engineering Conference held 
at Boonton, N. J., January 9, 1929; part presented in a paper entitled “Recent 
Radio Developments” at the meeting of the Philadelphia Section, Institute of 
Radio Engineers, May 21, 1926. Presented before joint meeting of the Insti- 
tute and the International Union of Scientific Radioielegraphy, American Section, 
at Fourth Annual Convention of the Institute, Washington, D. C., May 15, 1929. 

1 J. R. Carson, Proc. I. R. E., 7, 187; April, 1919. 
? F. B. Lewellyn, Bell Sys. Tech. Jour., 5, 433; July, 1926. 
* Stuart Ballantine, Proc. I. R. E., 16, 593; May, 1928. 
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(2) A mathematical theory, formulated as an infinite series in 
powers, not of the carrier voltage Ho, but of the product of the carrier 
voltage and the degree of modulation m. This formulation is based 
upon experimentally determined rectification diagrams in the same way 
that the old E, formulation rests upon the ordinary d-e characteristics. 
'These rectification diagrams are as easily obtained experimentally as 
the d-e characteristics and by taking this step experimentally, instead 
of mathematically as is virtually done when the power series in E, is 
employed, the labor of calculation is considerably lightened; 

(3) An experimental study of the whole process, including the 
generation of harmonics, i.e., non linear distortion. This experimental 
program was begun in 1922 and although it is still far from complete 
the main facts have probably been discovered. 


The object of the present series of papers, of which this is the first, 
is to outline the experimental results in certain typical cases of: (1) 
plate rectification, (2) grid rectification, (3) grid and plate rectification, 
(4) special arrangements for linear detection, (5) diode and simple 
rectifiers (c.g. erystals), and also to suggest a rational basis for engi- 
neering design and the prediction of performance from diagrams which 
can be readily obtained experimentally. 


II. CLASSIFICATION OF SIGNALS 
Standard Symmetrical Modulated Signal. Before embarking upon 
a discussion of detection we may as well state our point of view as to 
the signal to be detected., In Fig. 1 a group of modulated signals is 
represented in three different ways. At the top the actual variation of 


w 


(a) (b) (c) (d) 


Fig. 1—Group of Modulated Signals. (a) standard symmetrical signal; (b) 
symmetrical phase shift in sidebands; (c) asymmetrical signal; (d) superior 
sideband suppressed. 
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voltage is represented against time; the middle diagram represents the 
amplitudes of the component frequencies in the Fourier-series resolu- 
tion of the signal; the lower diagram shows how these components 
combine vectorially to form the signal. 

We shall adopt as standard the symmetrical modulated signal 
shown at (a), Fig. 1, which is of the type used extensively in radio- 
telephony and radio broadcasting. This signal comprises a carrier Eo 
and two sidebands, symmetrical in amplitude and phase. Unless the 
contrary is stated it will be supposed that the modulation of the 
standard signal is of a single audio frequency, the carrier being of 
radio frequency. A signal of this type may be represented by: 


e — Es(1-- m sin al) sin wl 


, m m 
- Ej sinat + cos a om cos Ga) | 


e 


T j 
Carrier Inferior Superior 
sideband sideband 


in which m is the modulation coefficient, which may vary from zero to 
unity, and a represents the audio and w the radio angular velocities, 
respectively. In the vector diagram in Fig. la the carrier w rotates 
anticlockwise at speed w; at the same time the superior sideband 
(w+a) rotates anticlockwise at rate a, and the inferior sideband (w—a) 
rotates in the opposite direction at speed a, both with respect to the 
carrier. 

A question may arise as to whether the results of investigation with 
such an ideal signal can be applied to other types of signal, especially 
signals which may have undergone some distortion in the processes of 
amplification and transmission, or which have not left the modulator 
in such standard form. Let us consider a few simple cases of distortion 
that are likely to arise in practice. 

Symmetrical Sidebands Displaced in Phase. In passing through 
an amplifier employing simple resonant circuits the phases of the side- 
bands will be changed and their amplitudes diminished symmetrically 
as shown in Fig. 1b. It is assumed that the circuits are accurately 
tuned to the carrier frequency. The effect of this is two-fold: (1) a 
diminution of the effective degree of modulation m, and (2) a shift in 
phase of the audio-frequency envelope of the modulated signal. If m’ 
is the altered degree of modulation and $ is the symmetrical phase- 
shift, then: 

e=E,[1+m’ sin (at — 9) | sin ot. (2) 
The signal thus remains of our standard type (1) and the investigation 
will apply to it with the indicated modifications. 
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Sidebands Asymmetrical in Amplitude and Phase. In the more 
general case in which the r-f amplifier circuits are not precisely tuned 
to the carrier, the sidebands will be asymmetrical both in amplitude 
and phase, as shown in Fig. 1c. The mathematical expression for this 
signal is complicated and will not be written down since it will not be 
of further use; it is sufficient to say that this signal is not of type (1), 
that is, the modulation is not sinusoidal. The conclusions from the 
standard signal will not necessarily apply to a signal so distorted. 

As a special case under this, consider that of equal sidebands with 
asymmetrical equal phase displacements. This might be brought about 
by a shift to the phase of the carrier by an amount ¢. We then have: 


e=E,[1+m? sin? at+2m sin at cos $]'?sin (wt+¢). (3) 


This is not of form (1) when ¢ differs from 0 or z. 

One Sideband Suppressed. This type of signal is frequently em- 
ployed in practice (e.g., in transatlantic radiotelephony) and is ex- 
pressed by: 


m 
e— E, [sin em cos (e-ay| 
(4) 


1/2 


m? 
=#,[ 1+% -m sin at | sin (wi+y). 


The superior sideband is absent (Fig. 1d). This signal is not of the 
standard type (1). 

It is interesting to note, in connection with this signal, that when it 
is detected by means of a curvature (square-law) detector there is no 
distortion due to beating between sidebands of opposite sign. How- 
ever, in a practical signal each sideband contains several component 
frequencies so that there will still be some distortion produced by the 
heating of the components within the remaining sideband. 


III. IDEAL LINEAR DETECTORS AND SMALL-SIGNAL DETECTORS 

Care must be exercised when using the term “ideal detector” to 
specify the type of signal for which it is ideal. In general a detector is 
ideal when the audio output is an exact replica of the original modu- 
lating wave impressed upon the modulator. Such a definition may be 
objected to on the ground that other processes, such as amplification, 
transmission, and modulation, take part in the process. This objection 
is only superficial, for even though the signal may be distorted from 
type 1, or any other standard type that might be adopted, the detector 
may be ideal to the distorted signal, that is, it may correct any dis- 
tortion that has been introduced. 
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So far as the standard signal (1) is concerned an ideal detector is a 
linear detector, that is, one in which the instantaneous relation between 
audio output and r-f input is linear. It has long been recognized that 
such a linear detector may be found in a device the current-voltage 
characteristics of which are straight lines meeting at an angle as shown 
in Fig. 2. It is essential that the break occurs at the origin (E 20), 
and it can be brought there by suitable batteries. 

Many unsuccessful attempts have been made to discover a practical 
device having these characteristics. Failing this the art has been con- 
tent with small-signal (square-law) detection with devices which 
operate on continuously curved e— characteristics, at the point of 


Fig. 2— E/I Characteristics of ideal linear detector for 
Standard modulated signal. 


greatest curvature. The inherent disadvantages of such curvature 
operation with a signal of the type e— Eo[1--F(t)] sin at are well 
known. The output of such a detector contains not only a term 
proportional to F(t) as it should, but also a second-order F*(f) term 
which is superfluous and represents distortion. In order to limit this 
distortion the degree of modulation must be limited, that is F(f) must 
be kept small compared with unity. This is uneconomical and wasteful 
of power in the carrier, and also limits the service area of a given 
broadeast transmitter for a fixed interference production by the carrier. 
I have been told that in the early days of radio broadcast transmission 
the transmitters were actually not capable of undistorted modulation 
of much more than 50 to 60 per cent. In English speech the *peak- 
factor" (the ratio of the maximum amplitude to the average amplitude) 
is stated by Sacia’ to be about 5. This would mean that if in this case 
the maximum modulation were set at 50 per cent, the average modu- 
lation would be about 10 per cent. With such low modulation the non- 


4 Sacia, Bell Sys. Tech. Jour., ^ 627; October, 1925. 
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linear distortion with curvature detectors might not be noticeable, and 
this probably accounts for the complacent way in which the process 
of detection has been viewed by experts in this art. 

Feeling that the detector had been too much neglected, and looking 
forward to the time (now at hand!) when 100 per cent modulation 
would be generally employed in broadcast and telephone transmitters 
and the consequent distortion in square-law detectors would probably 
become important, I began, in 1922, an investigation to see what 
might be done toward securing at least approximately linear detection 
with circuit elements which were practically available. This program 
rested upon the fundamental idea that by taking a practical rectifier 
which was perhaps not quite of the perfect type shown in Fig. 2, but 
which had for example two slightly curved branches connected by a 
small section of greater curvature near the origin rather than by a 
definite break, or a curved portion and a straight portion (as in the 
case of a thermionic tube), and raising the applied signal voltage the 
action would approach linearity as the average curvature over each 
half-cycle decreased. In reducing this idea to practice I was fortunate 
in securing the collaboration of Dr. L. M. Hull, who made a survey of 
erystal rectifiers with the object of finding a combination of the 
requisite linearity from the high-voltage point of view. The broad 
principle of operating a detector at high voltages and an account of 
the successful work of Hull may be found in a U. S. Patent issued to 
Ballantine and Hull.5 

Paralleling Hull’s investigation of crystals, 1 undertook, simultane- 
ously, a study of the action of thermionie devices with high signal 
voltages. While the relation between the thermionic current and 
voltage is known to be non-linear, the device is nevertheless recondite 
for the reason that at least one branch of the curve (zero current for 
retarding fields) is linear; hence the response may be expected to 
continuously approach linearity as the voltage is increased. This 
approach is further facilitated by reducing the curvature of the curved 
portion by the connection of linear impedances in the external circuit. 

The soundness of this fundamental idea, and the improvement in 
the performance of a tube detector that results from increasing the 
signal voltage, is fully verified by the experimental results to be given 
later. 


5 As an example of this attitude we may quote from an article by Harvey 
Fletcher entitled “High Quality Transmission of Speech and Music” (Midwinter 
Convention, A. I. E. E., 1925) in which he says, referring to the usual small 
signal operation, that “in general there is no distortion in the detector.” 


* No. 1, 698, 668; January 8, 1929. 
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IV. Descriptive THEoRY—REsIsTANCE Loap 


The action of the plate rectifying triode with high voltage signals 
of type (1) may be most simply exhibited when the external impedance 
is a pure resistance, for in this case a graphical construction may be 
employed. For simplicity the resistance load will be supposed to be by- 
passed for the carrier and neighboring frequencies, although a more 
nearly linear but less sensitive detection will be obtained if it is not by- 
passed. No inquiry will be made into the actual process of rectifica- 
tion, that is to sav, no attempt will be made to derive the functional 
relation between the rectification current and the r-f grid voltage from 
d-e characteristics; this will be directly determined experimentally in- 
stead of the d-c curves. As the most fundamental relation we shall 
take that between the average plate current (as indicated by a d-e 
instrument), and the d-c plate voltage, for various r-f carrier voltages 
on the grid. This may be called the rectification diagram for the tube, 
and when, as in the case under consideration, the carrier is impressed 


OG PLATE CURRENT (ma) 


o 20 40 [3 2 w e nm 
DC. PLATE VOLTAGE -Ep 


Fig. 3— Rectification diagram for triode. Relation between d-c plate current 
and d-e plate voltage with various r-f voltages on grid. 201A triode 

E. — —8 volts. 
upon the grid instead of being directly inserted in the plate circuit, we 
will eall it the transrectzfication diagram for the tube. Such a diagram 
has been independently employed by Smith.” Fig. 3 is a typical experi- 
mental diagram for the 201A type of tube, E,—90 v, E. — —8 v. 

To determine the output we want the relation between the d-c 
voltage developed across the resistance load R in the plate circuit and 
the r-f voltage applied to the grid. In the case of the resistance load 
this may be determined graphically, as shown in Fig. 3. The voltage 
drop across R and the actual plate voltage are given by the inter- 


? V. G. Smith, Proc. I. R. E., 15, 525; June, 1927. 
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sections of the straight line 7, — (E, — E,)/ R and the I, — E, curves. 
We can now construct a diagram of E, vs. Ko. This will be called a 
detection diagram; if desired the data for this diagram may be directly 
obtained experimentally. In Fig. 4 the curve marked *^E,— —8 v” 
corresponds to the graphical solution of Fig. 3. The other curves corre- 
spond to other values of grid bias, E.. The dashed curve marked “grid 
current” indicates the voltages at which grid electron current begins 
to flow. 

We see at once from Fig. 4 what happens when our standard signal 
(1) is impressed upon the grid. This signal is an r-f voltage of variable 
amplitude, the variation comprising two parts, a constant part and a 
sinusoidally variable part. It is helpful to compare the process with 
that of amplifieation. In this analogy the Fig. 4 detection characteristic 
is analogous to the 7, — E, characteristic of the amplifier, the carrier 


201A 


Eur 
LE 


PLATE CURRENT (MA) 


GMO CURRENT 


0 5 Ly 5 20 rad * 
E.* RF CARRIER VOLTAGE (RMS? 


Fig. 4——Detection diagram for triode with 110,000-ohm resistor in plate cir- 
cuit. Relation between plate current (d.c.) and r.f. voltage on grid. 


voltage E, is analogous to the grid bias E. of the amplifier and deter- 
mines the “operating point,” and the sinusoidal modulation mE, sin at 
is analogous to an alternating voltage of the same type applied to the 
amplifier grid. The curvature of the detection diagram will produce 
distortion in the same way that curvature of the amplifier character- 
istic produces it, and with a signal of type (1) the output will in general 
comprise & fundamental of modulation frequency and a group of 
harmonics. 

With small signals the only part of the detection diagram of interest 
is that at the extreme left (# small). The curvature of the character- 
istic in this region is compatible with the distortion calculated from the 
small-signal theory (Sect. III). We can obviously never hope to obtain 
demodulation free from distortion in this range of Fo. 
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As the carrier voltage is increased the curvature decreases and 
finally vanishes at a point of inflection. Obviously this is the best 
operating point. Here the detection is actually linear and the har- 
monies and distortion reach a minimum. This bears out the soundness 
of the idea of high-voltage operation as outlined in Sect. III. Experi- 
mental curves will be given later which actually show that the har- 
monics are minimum and that the relation between carrier voltage and 
fundamental output is of the first order at this point. 

As the voltage Ey is increased beyond the point of inflection the 
curvature increases rapidly and the distortion becomes even greater 
than in the region of small signals. The output also falls off due to the 
“saturation” course of the curve. 


V. MATHEMATICAL THEORY FOR SMALL MODULATION 
AND LARGE CARRIER VOLTAGE 


Starting with the usual d-c characteristics of the tube we can build 
up a theory of detection by the Carson series method in which the 
output is expressed as an infinite series in powers of E; and m. Even 
in the most favorable case of small m, however, this formulation be- 
comes exceedingly tedious for large carrier voltages. It is proposed 
here to abandon the d-c characteristics entirely and start with the 
experimentally determined rectification characteristic for the tube (see 
last section). A new theory can then be built up in a series in powers, 
not of Eo, but of mE», and the various differential parameters of the 
rectification characteristic. What we are virtually doing here is pur- 
suing the amplifier analogy. In the case of the standard signal mE; 
corresponds to the amplitude of a sinusoidal voltage impressed on the 
grid of an amplifier. The practical usefulness of such a formulation is 
confined to small values of mE, but this restriction does not seriously 
limit its instructive value, for we can still find out what happens at 
large Eo by appropriately diminishing m. It is especially valuable as a 
supplement to the descriptive theory when the plate load is not a pure 
resistance and the graphical method is no longer available. In particu- 
lar it furnishes several new concepts of engineering value. Among these 
is that of an effective plate resistance for detection, which is useful in de- 
signing the output apparatus for maximum transfer and fidelity. 

Let e represent the instantaneous amplitude of the r-f voltage 
impressed on the grid, exclusive of the steady biasing voltage E.; let ip 
represent the rectified current in the plate circuit and let e, represent 
the instantaneous plate voltage. Let it be supposed that the set of 
rectification characteristics I, —f(E, E,) has been experimentally de- 
termined. This functional relationship may presumably be expressed 
in a double Taylor's series. 
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I = P,E+P2E?+P3E?+Q,Ep+Q:Ep?+ + >> + R,E,E+RE E+ --- 


where 


P,=01,/dE; P,=30°1,/0E?; +- 
Q; =01,;,/dE,= 9p; Q= 3071 ,/OE,?; (6) 
O?I, 
= je ete; 
EdE, 


The parameter P, =0/,/0E is of the dimensions of a conductance 
and is analogous to the mutual conductance of the amplifier tube. It 
represents the rate of change of the rectified plate current with respect 
to the amplitude of an alternating sinusoidal voltage applied to the 
grid. In view of the fundamental nature of this parameter it will be 
convenient to have a special name for it and until a more felicitous 
term appears I shall call it the transrectzfication factor, or shortly, the 
transrectzfication. The parameter 1/Q, — 1/01,/8E, corresponds to tlie 
plate resistance R, of the amplifier theory, and there is no need to 
change the term. It is important to note, however, that Rp is now a 
function of the carrier voltage as well as of the plate and biasing volt- 
ages. This fact might be kept in mind by some such term as the 
detection plate resistance. 

Following Carson we wish to express 7, finally in the form: 


tp =Qye+are?+aze?+ ---. (7) 


Now the alternating part of the plate voltage e, = —1,Z, where Z is the 
external impedance in the plate circuit. For simplicity we shall confine 
ourselves to the case where e is a sinusoid of single frequency, that is 


e= 5(Be™'+ Eee) è 
The bar denotes the conjugate of the unbarred symbol. Let 
tp=titte+ist ra (8) 
ep=e6 tetet --- (9) 


and substitute in (5). We have to deal here with a function of two 
unrelated variables and a double power series. The situation is the 
same as in Llewellyn’s? extension of Carson’s theory which removed the 
restriction of van der Bijl’s relation (constant u) between the variables 
E, and E,. Except for this the remaining work is virtually the same 
as that given by Carson! and need not be repeated. The results for the 
effects of the first two orders may be concisely stated as follows: 
First Order Effect. Equivalent Circuit of the Detector. The first 
order output can be calculated by assuming a hypothetical voltage 
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= P,e/Q: operating in a circuit comprising an external impedance Z 
and the detection plate resistance (#,=1/Q,) in series. The current 
will be given by 


Uh. ae 


= e. (10) 
dE Ry+Z 


I 


This is the equivalent circuit of the plate rectifying detector, and is 
analogous to the equivalent circuit theorem for the amplifier which 
was originally stated by Carson; the transrectification factor 01,/0E 
in this case replaces the mutual conductance of the amplifier theorem. 
The calculation of the detection for small mE, is thus reduced to a 
simplicity comparable with that of the fundamental amplifier circuit. 
One of the chief practical contributions of this theory is that it defines 
an "effective plate resistance for detection," and enables us to see what 
happens when the external circuit is not a pure resistance and the 
detection diagram of Fig. 4 cannot be used to prediet the output. 
With an inductive load, for example, and a sinusoidal modulation, the 
voltage-current relation during a cycle of modulation no longer de- 
scribes a straight line in the Fig. 3 diagram, but an ellipse. 

In the case of the standard signal (1), e in (10) is to be replaced by 


mE, sin at giving 
R ol 
IL = mE- a [sz (11) 
R,+Z(a)L 8E | gi 


Z(a) being the impedance for the modulation frequency a/2r. The 
value of ðI ,/ðE is to be taken at the carrier voltage Eo. This derivative 
may be determined graphically from the data of Fig. 3 for the tube, 
or mày be measured experimentally. 

For small signals 


I,(rect.) = mie = (12) 
2 Oey 2 
so that 
T a (13) 
OE 2 
and 
| 19g, R, E, (14) 


295 RT 3 


which is the result given by the small-signal theory. 
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Effective Plate Resistance for Detection. The quantity R,=1/Q, 
=1/0I,/dE,, which has been referred to as the “detection plate re- 
sistance,” can be evaluated graphically from the rectification I,—E, 
diagram, Fig. 3. It is often preferable to measure it directly and a 


Junas gg ] 
[OSCILLATOR 


| RADIO | 
[OSCILLATOR | 


E» 
iri 
Rp= RaRe/Rs 
Fig. 5— Bridge arrangement for measuring effective plate 
resistance for detection. 

convenient method for this is shown schematically in Fig. 5. This is 
an ordinary bridge arrangement already in use for measuring the ampli- 
fier R, with the difference, however, that a r-f carrier voltage Eo is 
connected to the grid during the measurement. C isa bypass condenser 
whose effect on the balance is compensated by Cn. 


| 


PLATE RESISTANCE 
DURING DETECTION 
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Fig. 6—lIllustrating variation of effective plate resistance for detection with the 
variation of r-f voltage on grid. 227 triode; = — 22.5 volts. 


Typical results of such measurements are shown in Fig. 6. These 
data were taken with a 227-type triode with a grid bias of — 22.5 volts. 
The different curves correspond to different plate battery voltages. 
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The values of R, for E;—0 are the quiescent values which are signifi- 
cant in the amplifier theory. Note the dependence of R, on the carrier 
voltage, especially for the lower battery voltages. These curves will be 
further discussed in Sect. IX. 

Second-order Terms. Distortion. The second term in our series 
formulation (8) is of the second order in e, and ean be regarded as the 
result of a hypothetical voltage 


— (Poe? + Ree + Qi?) / Qs , (15) 


acting in a simple circuit comprising the external impedance and R, in 
series. Here e; is the voltage between plate and cathode due to the 
first-order current (10). The voltage (15) will generally comprise 
several frequencies. 

As an illustrative case consider our standard signal (1) and a purely 
resistive plate load, R. The second-order current is 


mE? R, E ð (=) 
Vieni ANM: S LAC s 
4 R+R,LOE? aE,\OE 
ae (Cy | a 2at) (16) 
r?| - —cos 2a 
3E?) 9E, 
where r=RR,/(R+R,). This contains a double-frequency term 
(cos 2at) which represents distortion. 
To make connections with the small-signal theory as expressed in 


terms of d-e characteristics, assume for simplicity, van der Bijl’s rela- 
tion (constant u); then 


12 = 


1 (07I, 112 ol, Tui Q (17) 
p— ? eg Ene na 
i ET Reie T ET T EE, 
a yes [T =] KE, Ep) (18) 
p(rect. F ale n —f(E,E, 


Substituting the values of the various derivatives of (18) in (16) we get: 
mE? 0g, Rp f ( RR, zd 


1— eos 2at). 19 
B oe, RRA WEeSR i MI 


2 a ( 
The second term in the brackets is of the order of Eo! and will be dis- 
regarded for small £j. Comparing (19) with Zy as given by (10) we see 
that the distortion (I;/I;) approaches m/4 as Ea approaches zero. 
This is the result given by the small-signal theory. Note that for small 
signals, to the order of quantities that have been retained, the external 
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impedance is without effect upon the distortion. This is in contrast 
with the well known effect of an external impedance in an amplifier 
circuit in reducing the harmonics relative to the fundamental. With 
high-voltage signals, however, the external impedance does affect the 
distortion; this is already beginning to show up in the Eo! term in the 
brackets of (19). 


VI. DEFINITION or [DISTORTION 


With respect to the standard modulated signal (1) we shall have 
occasion to speak of two kinds of distortion: (1) frequency distortion as 
manifested by the departure of the output-modulation-frequency re- 
lation from uniformity, and (2) distortion arising from non-linearity 
whereby there appears in the output, in addition to the fundamental 
term of frequency, a, a series of harmonics of frequencies 2a, 3a, - - - 
The latter distortion will be defined as the ratio of the r.m.s. value of 
the combined harmonics, as measured by an ordinary thermocouple 
meter, to the r.m.s. value of the fundamental. Denoting by E; the 
amplitude of the fundamental, and by E, that of the nth harmonic, 
this definition may be expressed by: 


ES pa l2 = 
Ej? 


Distortion -( 


The convenience of this definition in experimental work resides in the 
fact that a thermocouple meter, responding according to the square 
law, indicates (H,+E, - - - )'/* regardless of the relative phases of the 
components. 


VII. EXPERIMENTAL TECHNIQUE 


The apparatus employed in the experimental study of detection is 
somewhat complicated, and to avoid interruption a detailed description 
of it will be postponed until the final paper of this series. For the 
present purposes a brief outline of the experimental method will 
suffice. 

Standard Signal Generator. The first requisite for this work is a 
standard signal of type (1) of which the modulation can be varied up 
to 100 per cent, and the carrier voltage to about 100 volts. This signal 
is required to be of unusual purity, that is, the audio envelope should 
contain no harmonics, and the r-f carrier should also preferably be 
sinusoidal. None of the usual systems of modulation which were tried 
successfully met the requirements of range and purity, but after some 
investigation a satisfactory signal was secured from a new modulator 
which will be separately described. The modulation was performed 
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at low voltages and the signal was brought to the desired level by 
means of a broadly tuned amplifier. Since the degree of modulation 
used was never less than 20 per cent, no trouble was experienced 
from the high shot-noise/signal ratio which this procedure might have 
been expected to produce. 

Measurement of m. The degree of modulation m was measured at 
the grid terminals of the detector by means of a special meter, based 
upon the method of Posthumous and van der Pol. This meter will be 
described elsewhere. The method was found accurate, convenient, and 
decidedly superior to the more common methods. The modulation 
meter contained a buffer amplifier which was perfectly monodic, and 
did not affect the circuit across which it was connected. 

A sensitive check on the purity of the signal and the accuracy of 
the measurement of m is afforded by the measurement of the percent- 
age of distortion (ratio of second-harmonic to fundamental) in the 


2-1715 DETECTOR 


ANALYSER 


Canel 


Fig. 7—Connections of triode for plate rectification as employed 
for experimental work. Resistance output. 


detector at low signal-voltages. This ratio should approach m/4, and 
will be seen to do so in Fig. S. This is evidence of the proper working of 
the apparatus, including the analyzer. 

Connections for Plate Rectification. The actual circuit connections 
of the detector are shown in Fig. 7. The external impedance is shown 
as a pure resistance. The method of supplying the signal voltage to the 
detector grid is also shown. This is of importance when the grid takes 
current, since the load on the supply circuit occasioned thereby is 
non-linear. The effect of a non-linear load is to produce a distortion of 
the signal by lowering the peaks relative to the troughs in a non- 
sinusoidal fashion. The course of the curves for carrier voltages in the 
region of grid current depends, therefore, somewhat on the supply 
circuit. To reduce this effect two 171 tubes operating at 200 volts on 
the plate are used in parallel and the output transformer is designed 
to minimize the impedance change due to the grid current in the de- 
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tector tube. No attempt has been made to eliminate it completely. 
This was done at first by using higher power tubes and more inefficient 
transformer design, but was later considered to be unnecessary in view 
of the fact that there is no standard method of supplving the detector 
tube and the practical value of the results would be no greater. Ina 
practical test and in actual design the whole amplifier should be 
measured with the detector, or if the amplifier is known to be linear 
over the range of voltages to be used, the stage preceding the detector 
should at least be included. 


PLATE RECTIFICATION 
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Fig. 8—Resistance Output. (left) Relation between fundamental output and 
carrier voltage in standard signal; (right) percentage of harmonics 
(distortion) versus carrier voltage. 201A triode, m — degree of modulation 


Analysis of the Detector Output. The audio voltage across the 
output terminals of the detector was measured and analyzed with 
regard to the amplitudes of the fundamental and harmonies. The 
method of analysis was as follows: The fundamental and all har- 
monies, that is to say the quantity (E?--Ez--Eg4- --. )'2, was 
first measured. The fundamental E, was then eliminated in an early 
stage of the analyzer by means of a Wheatstone bridge having one 
tuned arm, the remaining arms being resistive. A second measurement 
then gave the quantity (H.2+E;?+ - - - )!?, The distortion as defined 
in Sect. VI can be directly computed from these data. If the har- 
monies are small E> XE,? and the first measurement can be taken as 
giving the amplitude of the fundamental with negligible error; other- 
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wise a suitable correction is to be applied. The fundamental may also 
be measured by tuning a stage of the amplifier associated with the 
analyzer to this frequency. A further “microanalysis” of the ampli- 
tudes of the individual harmonics can be made, with the fundamental 
eliminated, by means of a selective amplifier and output system. In 
this work it was found sufficient to carry this only as far as the fourth 
harmonie, as this summation accounted for the total harmonic effect 
within a small error. 

The use of the Wheatstone bridge for the elimination of the funda- 
mental is exceedingly convenient and avoids errors which would arise 
from the generation of harmonies in the post-detection amplifier and 
selective analyzer if the fundamental were permitted to enter it. I 
have employed this scheme for several years in this and other investiga- 
tions but find that it has been fully described by Belfils.* A full de- 
scription of the analyzer apparatus and details of its manipulation 
will be given separately. 


VIII. TYPICAL EXPERIMENTAL REsUuLTS—ltEsISTANCE LOAD 


In presenting the experimental picture we may profitably confine 
the discussion to a typical case; in order to make comparisons with the 
descriptive theory of Sect. IV and the experimental rectification data 
of Figs. 3 and 4, we shall take that of a resistance load of 100,000 ohms 
in the plate circuit of a 201A type triode with E,—90 v, E. at first 
equal to —4 v, later variable. 

The range of carrier voltage extended from 0.1 to 50 volts (r.m.s.). 
Logarithmic coordinates were used on account of the wide range of 
magnitudes. The frequency of modulation was 400 cycles; separate 
tests at 100 and 2000 cycles showed that with a resistance load no 
difference in the results was to be expected at other frequencies. The 
carrier frequency was 600 ke (500 m). 

Fundamental Output. The relation between the carrier Eo and the 
fundamental (400-cycle) output voltage across the R-load for various 
degrees of modulation (20, 40, 60, 80, 100 per cent) is shown in the 
left-hand curve of Fig. 8. For carrier voltages up to the point A the 
output varies as Ey in agreement into the theory for small signals. 
Beyond this point the small-signal theory begins to fail and the re- 
sponse approaches linearity (n —1), which it attains at point P. This 
is the value of Eo at which the distortion is a minimum and corresponds 
to the point of inflection on the detection diagram, Fig. 4, E. — —4 v. 


* G. Belfils, Rev. Gen. d’Elec., 19, 523; April 3, 1926. G. Chiodi, Electro- 
tecnica, 15, 166, 1928. The Belfils paper has evidently escaped the attention of 
I. Wolff (Jour. Opt. Soc. Amer.) 
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Beyond B the output increases slightly and suddenly falls off; this will 
be referred to as “overloading.” The overloading may be accounted for 
by the “saturation” character of the curve in Fig. 4. It occurs more 
suddenly the lower the modulation, being least marked for m — 100 per 
cent. 

Harmonics. Distortion. The variation of the combined harmonies, 
that is of the quantity (E2 +E+E+ - - - )?, over the same range 
of E, is shown at the right of Fig. 8. The ordinates represent distor- 
tion as defined in Sect. VI. For low signal voltages the distortion 
approaches m/4 as predicted by the small-signal theory, and as noted 
previously, this furnishes a check on the performance of the apparatus. 
The distortion remains constant over the range of “small-signals”, de- 
creases as the carrier voltage is further increased, and finally reaches a 
minimum at a voltage corresponding to point B in the “fundamental” 
diagram. This has been predicted by the descriptive theory. Micro- 
analysis of the harmonics shows that up to and a little beyond the 
point B (20 per cent modulation) the second harmonic predominates, 
vanishing at B, and reversing sign in going through this point. The 
residual distortion at the minimum is largely composed of third har- 
monic. This harmonic increases rapidly with Es and m. 

The dotted curve represents the points at which electron current 
begins to flow in the grid circuit of the detector tube. 

With regard to the practical interpretation of these curves of dis- 
tortion it has been my experience that the ear cannot detect with 
certainty a distortion of less than 5 per cent, so that the upper part of 
this diagram is probably the only part of significance. 

The rather sudden rise in distortion which accompanies over- 
loading will be noticed, the values attained being even higher than 
those for small-signal operation. 

The experimental results of Fig. 8 again testify to the soundness of 
the idea of operating the detector at high signal voltages, thereby 
taking advantage of linearity. 

Effect of Grid Bias. The qualitative effect of changing the grid bias 
can be gleaned from the detection diagram, Fig. 4. Under the condi- 
tions of that diagram the best bias, for modulations ranging up to 100 
per cent, appears to be about —8 volts. Smaller bias voltages give less 
output because of the limited range of E,. Higher biases result in a 
“cut-off” on the E, —0 axis which introduces distortion at the higher 
modulations. With E,— —20 v, for example, and E, adjusted to the 
optimum value (point B) this cut-off effect would appear at about 
m — 60 per cent. Notice, however, that with a limited m the bias may be 
increased above —8 v with correspondingly better output; the smaller 
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m is, the higher the bias may safely go before introducing distortion. 
The upper bend of the curve must also be taken into consideration; as a 
matter of fact it is usually more important than the lower, or cut-off, 
bend because the saturation is more abrupt. The detection diagram 
(Fig. 4) is very instructive on all these points, and many other practical 
conclusions may be drawn from it. 

The corresponding experimental picture is presented in Figs. 9, 10, 
11. The variation of the fundamental output with carrier, for 20 per 
cent modulation, is shown in Fig. 9 for several grid bias voltages 
(—2, —8, —15, —20 volts). These curves verify the qualitative deduc- 
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Fig 9—Resistance Output. Effect of grid bias. Relation between fundamental 
output and carrier Voltage. 201A triode; E,—90 v, R=110,000 ohms, 
20 per cent modulation. 


tions from the descriptive theory. The maximum output for E, = —8 v, 
for example, is about twice that for E.= —2 volts. The small-signal 
behavior is normal for biases up to about —8 volts. The effect of the 
cut-off, that is obtained with biases of — 15 and — 20 volts, is to cause a 
variation of output more nearly as Eo* than as Eg. For this degree of 
modulation (20 per cent) an E. greater than —8 v results in an ulti- 
mately greater output and the operation at the proper value of E, 
may be quite satisfactory and normal, even though unsatisfactory at 
small Ee. 

The variation of distortion for the same changes of grid bias is 
shown in Fig. 10 for 20 per cent modulation, and in Fig. 11 for 100 
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PERCENTAGE OF HARMONICS 


0 
E.- CARRIER VOLTAGE (rms) 


Fig. 10—Resistance output. Effect of grid bias. Relation between percentage 
of harmonies (distortion) and carrier voltage. Same conditions as in Fig. 9. 
Twenty per cent modulation. 


PERCENTAGE OF HARMONICS 


D 
E.-CARRIER VOLTAGE (rms) 


Fig. 11—Resistance output. Effect of grid bias. Same conditions 
as in Fig. 10 but with 100 per cent modulation. 
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per cent modulation. With reference to Fig. 10 it will be seen that the 
lowest average distortion for m=0.2 is obtained with a bias of —8 v; 
this result checks the inference from Fig. 4. Note the abnormally 
large distortion for biases more negative than —8 v, i.e., in the cut-off 
range. The left-hand portions of these curves for E= —15 and —20 
volts could not be followed further because the current became too 
small. The tendency toward the small-signal limit, m/4, shown by the 
— 15 v curve, is probably only apparent. 

The curves for 100 per cent modulation shown in Fig. 11 are gener- 
ally similar to those for 20 per cent modulation. The value of —8 v as 
the best bias is further confirmed. By operating at the proper signal 
level the distortion is reduced from 25 per cent to 10 per cent. This 
improvement is readily perceived by the ear. 
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Fig. 12— Resistance output. Distortion versus carrier. Effect of changing 
plate and grid (bias) voltages simultaneously so as to preserve constant 
d-e plate current. 


Effect of Plate Voltage. The effect of increasing the plate battery 
voltage is not particularly interesting, and if at the same time the grid 
bias is changed so as to preserve constant plate current, the curves 
just given are simply moved laterally toward higher E». This is illus- 
trated by Fig. 12, which shows the distortion as measured with three 
combinations of plate and bias voltages selected on the basis of con- 
stant plate current. The harmonic curves in Fig. 12 do not agree 
exactly with those of Fig. 11 as the two sets of data were taken three 
years apart with entirely different apparatus, different tubes, and 
under different supply conditions. They illustrate, nevertheless, the 
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shift of the phenomena toward higher Eo which is characteristic of 
increasing Ey. 

Relation between Fundamental Output and m. This relation is 
ultimately significant as an index of the fidelity of detection. The 
fundamental output should, of course, vary linearly with the degree of 
modulation, for a given carrier voltage. It should be noted, however, 
that this is not in itself a guarantee of the absence of distortion, for 
harmonics may still be present in the output. For example, with small 
signals the fundamental output varies linearly with m, but there is also 
present a double-frequency current which varies as m?. With regard to 
the standard signal we may therefore make a further distinction be- 
tween the kinds of distortion in detection due to non-linearity. We 
have: (1) a non-linearity in the relation between the fundamental and 
m, and (2) harmonics which are not present in the original signal. In 
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Fig. 13—Resistance output. Relation between fundamental output 
and degree of modulation for various carrier voltages. 
the example cited above, of small-signal voltage and square-law de- 
tection, only the second kind of distortion is present. 

The experimental relations between the fundamental output and 
the degree of modulation, obtained under the experimental conditions 
of the previous curves, are shown in Fig. 13. The grid bias is —4 v, and 
the several curves correspond to different carrier voltages. All curves 
have been reduced to equal output at m =100 per cent. The curve for 
E,—1 v may be taken as representative of small-signal operation (see 
Fig. 8), and the output is proportional to m. While no measurements 
were made with a carrier exactly equal to the optimum value (point B 
in Fig. 8) it may be inferred from the curves that the relation will 
be nearly, if not exactly, linear. Note the considerable departures 
from linearity when the detector is overloaded (E, 16, 25 volts). 
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IX. TRANSFORMER Output Loap 


We have discussed the simple case of a resistive output impedance 
from both the descriptive and experimental viewpoints, have observed 
a satisfactory qualitative agreement between them, and have obtained 
a general idea of the way the detector operates at high signal levels. 
We may now turn to the consideration of other types of output im- 
pedance, for which the graphical method is not available. A case of 
practical interest is that of a transformer. 

As previously remarked, the instantaneous relation between cur- 
rent and voltage now deseribes an ellipse on the rectification diagram 
in Fig. 3, and the detection diagram, Fig. 4, is multiple-valued and no 
longer significant. We may therefore turn to the mF, theory and 
particularly to the theorem expressed by equation (10) in order to 
obtain a starting point for design. According to this theorem the 
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Fig. 14—Transformer Output. Effect of carrier voltage on 
fidelity; 201A triode; RFL 5B transformer. 


problem of design for the detector is identical with that for an ampli- 
fier, provided the detection plate resistance, as defined in Sect. VII, is 
employed in place of the usual quiescent 7. This is the gist of the 
whole matter and since amplifier design is well-known, no further dis- 
cussion seems necessary. 

The experimental relations between the fundamental output, dis- 
tortion, and carrier voltage in the case of a transformer, at a definite 
modulation frequency, are very similar to those which have been shown 
in Figs. 8, 9, 10, 11, for a resistance. In view of this it does not seem 
justifiable to waste space reproducing the experimental curves, since 
they show nothing new. There is, however, one additional factor that 
does not appear in the resistance case, but which deserves discussion; 
this is the question of fidelity. 
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Fidelity. The term fidelity is employed here in its usual sense as 
designating the relation between the fundamental output and the 
modulation (audio) frequency. In an amplifier stage the fidelity is 
determined by the transformer impedance and Rp; in this case, R, is a 
funetion of the carrier voltage, so the fidelity will in general depend 
upon the signal level. The change of fidelity with E, can be predicted 
from an experimental 2, — Ey diagram such as Fig. 6. This is a matter 
of considerable practical importance. If the same fidelity is desired at 
low and high signal levels, the plate and bias voltages must be chosen 
so that R, does not vary much with E, (compare curve for 220 v in 
Fig. 6). A case in which these voltages are so chosen, that R, varies 
considerably with Eo, is illustrated by the experimental fidelity curves 
in Fig. 14. These were taken with a 201 A-tvpe triode, with Es =45 v 
and E,— —8 v. 


X. PRACTICAL APPLICATIONS 

The most promising practical application of detectors operating at 
signal voltages, high enough to give linear response, as described in this 
paper, is probably to receivers for broadcast (entertainment) and tele- 
phone reception with signals of the standard type (1). Plate and grid 
rectifying detectors of this type have been incorporated in broadeast 
receivers designed by the Radio Frequency Laboratories for its manu- 
facturing licensees. 

The idea of applying signal voltages of the order of 1 to 100 volts 
to a detector may have sounded fantastic and uneconomical when first 
proposed by us in 1923,° but this could hardly be urged today. Shielded 
tetrodes have lately become available in commercial quantities, and 
furnish the required amplification conveniently and at low cost. As a 
matter of fact in broadcast receivers for the range of 545 to 1500 ke a 
certain minimum number of tuned circuits are needed to provide 
the selectivity demanded by present conditions, and if these are 
cascaded between tetrodes yielding an amplification of the order of 
10Q per stage, the output voltages will be entirely adequate for this 
purpose. If desired, and the voltages are available, the detector may 
also replace the output tube and operate the electrophone load directly. 
This may properly be termed “power detection” and has been employed 
(vide also Fig. 5, Ballantine-Hull patent cited above). A less extreme 
step consists in eliminating but one audio stage, retaining the power 
tube and operating it by the output of the detector. 

There is no special difficulty in maintaining the signal voltage at 
the optimum point B (Fig. 8) by a manual control; nevertheless it is 
desirable in receivers designed for commercial use to make the adjust- 
ment for linearity as easy and as obvious as possible. Two methods for 
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accomplishing this have been employed. In the first the carrier is 
maintained at its optimum value over a wide range (10,000 to 1) of 
field strength variation by means of the automatic volume contro] 
which I have previously described. In the second method manual 
control is employed and the adjustment is facilitated by extending the 
range of Ey over which the detector is linear by means of special devices 
which will be described in the fourth paper of this series. The practical 
feasibility of both methods has been demonstrated in R. F. L. com- 
mercial broadcast receivers. 

In conclusion I wish to acknowledge my indebtedness to Dr. K. C. 
Black, Messrs. H. A. Snow, P. O. Farnham, and Raymond Asserson 
for experimental assistance at various times. 


? Meeting of the Philadelphia Section, Institute of Radio Engineers, May 
21, 1926. 
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TRANSMITTING ANTENNAS FOR BROADCASTING* 


By 
A. MEISSNER 


(Research Laboratory, Telefunkengesellschaft, Berlin, Germany) 


OR many more years broadcasting will be of increasing impor- 

tance for the general public. We radio engineers must therefore 

recognize what the future problems of the broadcasting tech- 
nique will be, what has to be improved or developed. The main thing 
will be that everyone in the world will be able to receive broadcast 
performances without being bothered by technical deficiencies. 

I do not intend to discuss these problems as far as receivers are 
concerned; I shall only refer to the future development of transmitters 
and transmitting antennas. The ways and means for the development 
of broadcasting transmitters and the possibilities of improvement are 
already more or less known and the technical development will cer- 
tainly continue the way it has thus far pursued. Future improvements 
in this field will concern an enlargment of the frequency range on 
either side—in the future we shall probably have frequencies from 
20 to 20,000 ke; also the modulation will have to be enlarged, and 
ratios of amplitudes of 1:1000 will probably be broadeast by the 
transmitters. Therefore we shall have to use transmitters of higher 
power. The increased transmitting power will result in increasing 
the range of interference. Therefore it may become necessary to cou- 
ple many transmitters in groups and broadcast on the same wave- 
length. The broadeasting system will be such that all transmitters 
working on the same wavelength will have to transmit the same pro- 
gram. This will probably result in control of these transmitters by 
means of talking films running synchronously. Later on still higher 
demands must be satisfied with regard to the reproduction of music; 
that is, this will bring the broadcasting transmission to the following 
point: control of the transmitter without transmission cable between 
studio and transmitter, and use of sound records on films operated 
in the high-power transmitting station. This pertains more to broad- 
casting conditions in Germany. 

In this way the radio engineer may foresee the future possibilities 
of development in the design of transmitters. The principles of this 
development are generally clear, but this is not the case with regard 
to the transmitting aerial. 

* Dewey decimal classification: R32). Original manuscript received by the 


Institute, April 16, 1929. Presented before Fourth Annual Convention of the 
Institute, Washington, D. C., May 14, 1929. 
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Which is the best broadcast aerial? Fundamental conditions for 
such an aerial are: greatest economy; largest service area of the trans- 
mitter, that is, no fading within a very large area around the trans- 
mitter; smallest interference area. By simply increasing the intensity 
of the transmitting energy we would not increase the service range but 
only the range of interference. 

I wish to report to you how we have pursued these problems in 
Europe, particularly in Germany. Our intention was to modify the 
ratio between surface waves and space waves in favor of the surface 
waves. The radiation emitted from the aerial upwards at a certain 
angle must be reduced as far as possible. The aerials which are com- 


Fig. 1—Vertical Polar Diagram of Radiation for 3A and 1A (or less) 
aerials. Drawn for the same maximum radiation intensity in the horizontal 
plane. 
monly used in broadcasting oscillate in a quarter wavelength They 
might be considered as one half grounded dipole (half-dipole). Such 
aerials usually show fading at wavelengths between 400-500 m in a 
distance of 100-120 km due to the influence of the reflected space 
waves. In order to improve the ratio of the surface waves to the space 
waves, we use for transmission instead of the half-dipole a complete 
dipole suspended as high as possible. Thus instead of a quarter wave- 
length, the length of the aerial is now a half wavelength. 

While the usual aerials for broadcasting have a current loop at the 
grounded point of the aerial, there is now a current node at said point, 
and hence a loop of potential. Such an aerial has an increased radiation 
horizontally parallel to the surface of the earth. Fig. 1 is taken from 
Eckersley’s' recently published paper demonstrating the difference 
between these two aerials. In order to avoid possibility that the hori- 

1 P. P. a. T. L. Eckersley a H. L. Kirke, Jour. IL. E.E., April, 1928. 
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zontally emitted radiation from such an aerial be disturbed, it is 
necessary that the high supporting masts be insulated at the base. 
When iron masts are used care has to be taken that their natural 
wavelength does not coincide with the wavelength of the transmitter. 
Since the natural wavelength of the insulated metal mast is approxi- 
mately equal to twice the height, one is obliged to accept the follow- 
ing compromise regarding the height of the mast: the height of the 
mast must be smaller than half the emitted wavelength and the antenna 
must be designed so that the center of capacity of the upper half of 
the dipole is still situated (approximately) at the same height it would 
be in the case of an aerial wire stretched vertically, and the length 


Fig. 2—Field Patterns of Vertical Antenna in Span B-F. 

Pattern A— with towers resonant 

Pattern B—with towers detuned 
of the wire has to be \/2. If the natural wavelength of the masts 
is of the order of the transmitted wavelength, the field distribution 
loses its symmetry. Fig. 2 shows such a distortion of the field 
with a X/4 aerial from tests carried out by H. M. O'Neill? of the 
. General Electric Company, Schenectady. In this case the distance 
between the masts and the aerial is larger than \/4. The masts 
are 100 m high and are grounded at the base. The wavelength was 
380 m. lf the tuning of the masts is within the range of resonance, 
the field intensity in the direction of the masts is essentially higher 
than in the plane normal to said direction. 


2 H. M. O'Neill, Proc. I. R. E. 16, 880; July, 1928. According to It. Beckmann 
the influence of the mast may be caleulated by the following formula: 


E=K- Zs aE +27" cos (d cos o) [- 2720s Ga cos e) : (2 sin 
In this formula Ja is the current in the aerial, J,, the current in the mast, y the 


azimuth angle, ¢ the phase of the ‘current in the mast is a function of its natural 
vibration and the distance d/A. 
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Experiments carried out by Telefunken in order to improve 
broadcasting aerials by using total dipoles were started early in 1926. 
Later on they were continued in cooperation with the German Tele- 
graph Technical general-postoffice (Telegraphen-Techn.). Before 1926 
it was not possible to use such aerials with a potential loop at the 
grounding point due to the fact that broadcasting transmitters with 
independent drive had not yet. come into use. At that time it was 
recognized that although an ammeter in the earth connection indi- 
cated scarcely any current, aerials could nevertheless be energized 
if the transmitter was separately controlled by an auxiliary generator. 
From the intermediate cireuit current and the plate current of the last 
amplifier stage the amount of energy transferred to the aerial could 
be estimated. 
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Fig. 3—Broadeasting Transmitter—Budapest. 
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This principle of using \/2 aerials instead of \/4 aerials formerly 
developed by Telefunken has proved to be correct and has been veri- 
fied by tests recently made by Mr. Eckersley, the technical manager 
of the British Broadcasting Co. In order to avoid interference from 
the radiation effect of the aerial by the masts, these tests have been 
carried out with aerials supported by balloons. It was found that 
such an aerial of \/2 height radiated an increased field intensity of 
1:1.26 compared with an aerial of \/4 height. But the most important 
fact, he found, was that with the 1/2 aerial, compared with the \/4 
aerial, fading could be reduced and that due to this reduction of 
fading the service area of the antenna was enlarged.? 

I wish to explain to vou the results that may be obtained in practice 
with such aerials, and for this purpose I would refer to the broadcast 
transmitter at Budapest whieh has been designed according to these 

3 For the German lroadeasting transmitters having self-supporting masts 
of 100 m height the Telegraph-technical-oflice (Mr. W. Schiffer) since 1927 has 


also introduced the principle that the transmitted wave shall be 0.6 times the 
natural wavelength of the aerial. 
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principles and has been operating now for about one year. This 
transmitter is especially known all over Europe for its wide range of 
transmission. It was built by the Telefunken Company under the 
supervision of the Hungarian Post and Telegraph Administration. 
The antenna (Fig. 3) is supported by two 150-m masts 290 m apart. 
The vertical aerial has a flat top extending horizontally about 22 m in 
both directions. The service wavelength is 545 m, the natural wave- 
length of the aerial being 930 m. "The antenna is shortened at its 
grounding point by a capacity of 400 cm. By means of this capacity 


Fig. 4—Field Intensities— Budapest. 15 kw. 


the aerial is at the same time coupled to the transmitter. The current 
loop lies approximately at half the height of the mast and the potential 
loop at the grounding point. Accordingly only few grounding wires 
are used. The earth resistance is not of great importance. 

Fig. 4 shows the field intensities around the aerial with a transmitter 
output of 15 kw when not being modulated; these intensities have 
been measured by the officials of the Hungarian Post and Telegraph 
Administration.! The field intensities at different distances and in 
the two preferred directions were as follows: 


at 50 km about 30 mv per m. 
& 100 & “ II « & 
“ 150 & “ 5 “ & 

The distortion of the field intensity curve in the direction of the 
plane of the masts (indicated by the arrow) is caused by the influence 
of the masts. The insulator which serves to separate the mast from 
the rope supporting the aerial has by mistake been inserted in the 


1 S. Baezynski, T'elefunkenzeitung, June, 1929. 
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middle of this supporting rope so that by a rope of 61 m length the 
natural vibration of the mast was increased to about 450 m and ap- 
proached that of the transmitted wave, thus causing a distortion 
of the field intensity in the direction of the plane of the masts. For the 
transmitter at Budapest, however, this distortion effect was very 
desirable since the Hungarian country is a narrow but long area, and 
because it had been required that this one transmitter at Budapest 
should provide, if possible, a field intensity which could be efficiently 
picked up at anv place in the country. 

The following table shows the field intensities at various distances, 
i.e., 50, 100, and 150 km, measured around Budapest, Motala, the 
strongest broadcasting transmitter in Sweden, reduced to 15 kw, 
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Fig. 5— Horizontal Antenna for Broadcasting. 


and around an English high-power transmitter, according to P. P. 
Eckersley’s® statement, which is also reduced to 15 kw. 


TABLE I 
BuparEsT l5 kw 50 km 100 km 150 kin 
Favorable direction idus 30 mv /m 11 mv/m 5 mv/m 
Average $ 19°" 5 s Le 7 
MoTALA 15 kw 
Maximum. 21^ ES 4.95 “ er as 
Average [2 > 8 3:2 s Ti *5 
ENGLIan STATION 
Average ` 13 s 4.22 ^ TA. is 


But what has made the new antenna at Budapest particularly 
valuable and useful is the remarkable improvement with regard to 
fading. The observations made by the Hungarian Post and Telegraph 
Administration have shown that slight fading begins only at distances 
beyond 150 km, and in the direction of the plane of the masts fading 
will occur at greater distances. For normal aerials the limit for fading 
with this wavelength is from 100 to 120 km. 

Another aerial similar to that at Budapest has just been completed 
at Oslo (Norway) by the Telefunken Company under the super- 

5 The disturbance of the field strength in Fig. 4 can be described by the 
formula in footnote 3, substituting in this formula the ratio of current in the 


masts to thatin the antenna = i. 
* P. P. Eckersley, Jour. I.E.E., 65, 600; 1927. 
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vision of the Norwegian Post and Telegraph Administration. In this 
case an aerial 150 m high has been provided for working a wavelength 
of 496.7 m. 

Though the problem of broadcasting aerials seems to have been 
considerably advanced, yet another question must be cleared: Is a 
horizontal aerial which is fed at its center by a feeder line better than 
a vertical aerial? During the tests carried out in 1926 (Fig. 5) in 
cooperation with the German General Post Office it appeared that the 
horizontal aerials were superior to the vertical ones within the broad- 
casting wave range up to 300 m if they were suspended at a height 
of about 1/4 above the ground, and this applies to the direction of the 
plane of the aerial as well as to the direction at right angles to it. 

In the experiments self-supporting grounded masts were used. 
For waves beyond 300 m and under the conditions prevailing at that 
time (100-m grounded masts), the vertical aerial seemed to be superior 
to the horizontal one. Owing to the complicated construetion of such 
aerials these experiments were not continued. But I hope that they 
will be taken up within a short time and that we shall then be 
thoroughly informed about all the different types of broadeasting 
antennas. 
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CORRELATION OF DIRECTIONAL OBSERVATIONS OF 
ATMOSPHERICS WITH WEATHER PHENOMENA* 


By 
S. W. DEAN 


(Department of Development and Research, American Telephone and Telegraph 
'ompany, New York City) 


INTRODUCTION 


INCE March, 1928, observations of the direction of arrival of 
S atmospheries have been made by the American Telephone and 

Telegraph Company at Houlton, Maine, U.S. A. using a cathode 
ray direction finder.! This apparatus as used at Houlton has been de- 
scribed by Mr. A. E. Harper? in a paper in which the results of the ob- 
servations are analyzed by means of long-period averages, and com- 
pared with data on the distribution of thunderstorms over the earth. 
It is the purpose of the present paper to point out the relation of in- 
dividual observations to the weather conditions existing at the time, 
and to indicate the possible usefulness of such observations in weather 
forecasting. 

Attempts have been made to correlate these observations with 
weather phenomena using the daily weather maps of;jthe U. S. Weather 
Bureau and of the British Air Ministry, together with daily reports of 
thunderstorms in the United States, the latter kindly furnished by Dr. 
Kimball of the New York Office of the U. 5. Weather Bureau. No 
detailed analysis of the results is presented in this paper, but our 
general conclusions are stated and illustrative examples given. 

This work had as its inspiration similar observations made during 
the summer of 1927 by R. A. Watson Watt? and his associates in 
England and Scotland, with the assistance of the British General 
Post Office. In the case of the British observations, the use of two 
observing stations (one at Cupar, Scotland, the other at Slough, near 
London) connected by a telephone line made possible the identifica- 


tion of individual disturbances and the location of their origins by 

* Dewey decimal classification: R 114. Original manuscript received by the 
Institute, March 29, 1929. Presented before joint meeting of the Institute and 
the International Union of Scientific Radiotelegraphy, American Section, at 
Fourth Annual Convention of the Institute, Washington, D. C., May 15, 1929. 

! R, A. Watson Watt and J. F. Herd, “An Instantaneous Direct-Reading 
Radiogoniometer,” Jour. I.E.E., 64, No. 353; May, 1926. 

2 A. E. Harper, "Some Measurements of the Directional Distribution of 
Static,” presented at the meeting of the American Section of the U.R.S.I., 
Washington, D. C., May 15, 1929. 

3 Reported by Appleton at the Washington meeting of the U.R.S.I. in 1927. 
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triangulation. It was found that in the vast majority of cases the loca- 
tions coincided with those where thunderstorms were known to have 
occurred or where conditions were such that thunderstorms would be 
expected. The southeasterly edges of low-pressure areas were found to 
be the most common sources of disturbances. 

The work at Houlton has been handicapped by the fact that only 
a single observing station was available, making triangulation im- 
possible. Another difficulty which we encountered was due to the bi- 
directional ambiguity of the device, but this was removed by the in- 
stallation of a unidirectional feature. 


CORRELATION With WEATHER CONDITIONS 


In spite of these handicaps, it has been possible to correlate the 
observations with weather conditions in the vast majority of cases, 
excepting, of course, those occasions when the sources of atmospherics 
were in regions not covered by available weather data. In many cases 
the directions from which atmospherics came coincided with the bear- 
ings from Houlton of places where thunderstorms were reported. In 
many others the sources of atmospherics were apparently low-pres- 
sure areas where thunderstorms may have occurred, though none was 
observed at Weather Bureau stations. We are inclined to believe from 
these results, as well as from the work of others, that most atmos- 
pherics are due to lightning discharges, although, of course, the evi- 
dence is too incomplete to permit us to draw positive conclusions. 

À low-pressure area seems to produce more atmospheries when it 
is moving rapidly. When it is more or less stationary and quiescent 
it produces few atmospherics. In the summer, lows produce many more 
atmospheries when over land than after they pass out to sea, but in 
cool weather the reverse is sometimes true. In the winter, sources as 
far away as Texas, the West Indies, South America, and Africa can be 
observed, but in the summer the effects of nearby disturbances usually 
overshadow these distant sources. On days when there is nearly a 
complete absence of thunderstorms in the United States, the atmos- 
pheries are generally light, unless there is a source due to a low not 
far out in the Atlantic. 

Another interesting phase of the work has been that in which it 
has been possible to detect the approach of storms from areas not 
covered by available weather data. In one case, a distinct source of 
atmospherics gave evidence of a disturbance in the Caribbean beyond 
the southern limit of the U. S. Weather maps two days before this 
storm, moving northward, began to be indicated on the maps. In 
another case, a strong disturbance was indicated to the northwest of 
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FIG.1 
NOISE DISTRIBUTION 
OBSERVED AT HOULTON, ME. 

SEPT 6-18 1928 
SHOWING NOISE DUE TO STORM OF SEP 
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Fig. 1—Noise Distribution Observed at Houlton,*Maine, September 6-18 


1928. 
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Houlton, the origin of which remained a mystery to us until the 
British Air Ministry weather maps were received some ten days later, 
which showed a low-pressure area over the Hudson Bay region. 

We often have evidences of disturbances out to sea in the direc- 
tion southeast from Houlton, which may be due to storms at sea which 
are not reported to the Weather Bureau. 

To give an example of the way in which storms may be followed, 
by means of the directional observation of atmospherics, Fig. 1 has 
been prepared. This figure shows the directional distribution of at- 
mospherics as observed at Houlton from September 6 to September 18, 


[= E j ] z = - ecm —  ] 


CALIBRATION SIGNA) 
APPROXIMATELY 200.4! 


20 25 30 45 50 
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Fig. 2—Record of Rotating Recorder Taken from 1523 to 1612 G.M.T., 
September 14, 1928. 


1928. During this period there werc, of course, several storm centers 
causing disturbances, of which two have been selected for discussion. 
One is a storm which first gave us evidence of its existence on Sep- 
tember 7, 1928, when it was somewhere north west of the Great Lakes, 
bearing 320 degrees from Houlton. Starting at the lower end of the 
left-hand column and proceeding upward to the top of the drawing, 
thence up the second and third columns, the dashed line indicates the 
progress of the storm in terms of its bearing from Houlton. In nearly 
every observation, distinet evidence of the storm is seen in the form of 
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a peak on the atmospheric direction curve in the direction of the storm. 
High winds and severe electrical disturbances accompanied the storm 
at several points along its course. It passed the vicinity of Houlton 
on September 13, 1928, being accompanied by unusually. frequent 
lightning. The observations of that day showed the disturbance ap- 
parently surrounding Houlton, with atmospherics coming from several 
directions. On the next day (September 14) the disturbance was out 
to sea to the southeast of Houlton. Evidence of the storm at sea 
persisted for several days thereafter. 


Fig. 3—Polar Map About Houlton, Maine, Showing Path of Hurricane 
September 12-20, 1928. 


As an example of the results obtained from another method of 
atmospheric direction-finding, there is shown in Fig. 2 the record of an 
automatic recorder,? which shows evidence of this storm when it 
was southeast of Houlton on September 14, 1928. 

The other storm selected for discussion is the Florida hurricane of 
September 10-20, 1928. The first definite indication of this storm from 
weather data seems to be on September 10, 1928, when it was re- 
ported southeast of Porto Rico, bearing about 150 degrees from Houl- 
ton. While there are some evidences of it in the atmospheric records 
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prior to that date, one cannot establish a definite correlation due to 
the meagerness of the available weather data. The track of this hurri- 
cane is shown in Fig. 3, the data for which was obtained from the 
U. S. Weather Bureau.* 

Starting from the bottom of the second column on Fig. 1, the solid 
line shows the progress of the hurricane, in terms of its bearing from 
Houlton, from September 11 till September 18, 1928. Although 
many other stronger disturbances are indicated, due to sources nearer 
Houlton, in most of the observations there is a definite peak in the 
direction of the hurricane. On September 14, the absence of evidence 
of the hurricane in the observations at 1400 and 1700 G. M. T. is 
probably due to the extremely strong nearby source, which made it 
necessary to reduce the amplification of the cathode ray device until 
the atmospherics due to the hurricane were not observable. 


ADVANTAGES OF CaTHODE Ray APPARATUS OVER 
Roratinc Loop 


The use of radio direetion finders as a means of locating storms 
is by no means new. In this country, however, previous workers 
have used automatic recorders associated with continuously rotating 
loop or loop-and-vertical antenna systems Such apparatus is sub- 
ject to the limitation that it records only the integrated effect of all 
sources of atmospheries. In case two or more equally strong sources 
are present it is usually impossible to determine the direction of any 
of them, and weak sources cannot be detected when a strong source 
is present. This is quite a disadvantage from the point of view of 
weather forecasting, since atmospherics from a storm receding from 
an observing station will often mask those from an approaching storm 
concerning which information is desired. A comparison of Figs. 1 
and 2 will illustrate this point by showing how impossible it would 
be to detect the atmospherics due to the Florida hurrieane on the 
record of Fig. 2. The cathode ray direction finder, on the contrary, 
permits the determination of the directions of a large number of sources 
simultaneously, since the effect of each atmospheric is to produce a 
discrete deflection of the spot on the tube. Truly simultaneous at- 
mospheries are so infrequent that they offer only slight hindrance in 
observing each source by itself. 


* C. L, Mitchell, “The West Indian Hurricane of September 10-20, 1928," 
Monthly Weather Review, 56, No. 9; September, 1928. 

5 E. H. Kincaid, U.S.N. “Two Contrasting Examples Wherein Radio Re- 
ception was Affected by a Meteorological Condition," Proc. I.R.E. 15, No. 10; 
October, 1927. Includes summary of previous publications on this subject. 
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The cathode ray apparatus is also very well adapted to triangula- 
tion. If two or more stations are connected by telephone, the ob- 
servers can identify the deflections produced by each atmospheric, 
thus obtaining simultaneous bearings which can be used to plot the 
locations of the several sources. The results of Watson Watt’s work 
in Great Britain using a telephone connection between observation 
points have demonstrated beyond doubt that triangulation is prac- 
ticable. — 

APPLICATION TO WEATHER FORECASTING 


To one who is without a detailed knowledge of the meteorology 
of weather forecasting this work raises a question as to whether a 
system of observing stations with cathode ray direction finders con- 
nected by telephone and telegraph would be of assistance in tracing 
the movements of storms. This question arises particularly in the 
case of storms out at sea or in areas where there are few or no weather 
observation stations. 

It would seem that as few as three stations, one on the north 
Atlantic coast, one on the south Atlantic coast, and one in the middle 
west, would cover the eastern part of North America and the western 
part of the Atlantic Ocean fairly well. Our experience indicates that 
such a system might be helpful in the location of storms in Northern 
Canada, the Atlantic, the Gulf of Mexico, and the West Indies, as 
well as those in the eastern half of the United States. A similar svstem 
on the Pacific coast might permit the location of storms in the Pacific 
Ocean and possibly the forecasting of their arrival at the coast 


CONCLUSIONS 

Our work at Houlton with the cathode ray direction finder has con- 
firmed the results of Watson Watt and others in Europe in establishing 
a close connection between atmospherics and weather conditions. It 
has been possible in many cases to follow the movements of storms as 
far as 2000 miles from Houlton. Sources of atmospherics usually 
seem to be associated with the advancing edges of low-pressure areas. 
In the case of lows in the Northern Hemisphere moving from west to 
east, the southeastern part of the low produces the most atmospherics. 

The cathode ray direction finder is particularly suitable for such 
work, since it permits the directions of several simultaneously active 
sources to be determined. By triangulation the locations of the sources 
can be established. 

The question is raised as to whether a svstem of stations for the 
directional observation of static would be of assistance in weather 
forecasting, especially in following the progress of storms in regions 
where there are no stations for weather observations. 
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EXPERIMENTS IN RECORDING RADIO SIGNAL INTENSITY* 


By 
L. W. AUSTIN 


(Laboratory for Special Radio Transmission Research, Bureau of Standards, Washington, D. C.) 


Summary—The paper describes briefly the method of recording the strength 
of long-wave radio signals used at the Bureau of Standards and gives some of the 
results oblained. The curves shown indicale the great variability of the wave propa- 
gation both in regard lo strength and the angle of incidence of the downcoming wave. 
This variability appears to be greater for transmission distances below 1000 km 
than for greater distances. An apparent connection is shown in certain cases between 
the night signal variations and magnetic storms. The observations seem to indicate 
that the downcoming waves are reflected (or refracted) from rapidly changing masses 
of ionized gas. 


T was originally thought that daylight observations represented 

normal radio transmission, while night observations showed the 

normal transmission disturbed by reflection effects, the study of 
which might be properly neglected until the simpler daylight conditions 
were better understood. In recent years, however, it has become in- 
creasingly evident that davlight and night transmission phenomena are 
so interconnected that there can be no clear understanding of the first 
without considering the second. Therefore, as our laboratory personnel 
was too limited to permit night watches, it was decided to try automa- 
tic recording. Our apparatus has been described by my assistant, Mr. 
Judson, in another place.’ It consisted briefly of an autodyne detector 
such as we have long used for daylight measurements by the telephone 
comparator method, and several stages of audio-frequency ampli- 
fication. The last audio-freqeuncy stage is coupled inductively 
to a tube rectifier circuit containing the Cambridge recorder, which 
prints the deflections on a revolving drum every half minute. By means 
of a clock relay, described in Mr. Judson’s article, different stations 
can be tuned in or the circuit can be connected to different signal col- 
lector systems as may be necessary for the different records desired. 

Automatic recording has some bad as well as good features. While 
it gives easily a vast number of series of observations, it is somewhat 

* Dewey decimal classification: R 270. Original manuscript received by the 
Institute, April 13, 1929. Read at Brussels meeting of the U. R. S. I., September, 
1928. Publication Approved by the Director of the Bureau of Standards of the 
U. S. Department of Commerce. 


1 Proc. I. R. E., 16, 666; May, 1928. 
? Proc. I. R. E.. 12. 521: October. 1924. 
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limited in its accuracy and dependability as compared with the work 
of personal observers. For example, unknown disturbances may at 
times intrude themselves and not be detected, and accidents may hap- 
pen to the apparatus rendering a whole night's work useless. 

Until the time comes when special transmitting stations are opera- 
ted purely for experimental purposes, continuous records, continued 
day after day for months at a time, can evidently be made only on 
regular traffic from commercial transmitting stations. This, of course, 
rules out all extended experiments depending on special signals. Com- 
mercial stations are more or less irregular, seldom sending much on 
Saturday nights or on Sundays, and sometimes closing down entirely 
for considerable periods. 

The particular system of recording which we have adopted has 
certain good points which deserve mention. By using only audio- 
frequency amplification a very good degree of constancy of calibra- 
tion can be obtained over periods of many months. If the filament 
currents of the amplifier are kept constant within +1.5 per cent and 
the plate voltages within about + 10 per cent, the changes in sensitivity 
will not be greater than +10 per cent, which is about the limit of 
accuracy in measuring absolute signal intensity from commercial 
sending. 

Another convenient fact is found to be that it is quite possible 
with this type of recorder to get a nearly linear relationship between 
the antenna voltage and the recorder deflection over most of the scale. 

It is also found that when an interfering signal is weaker than the 
signal being measured the two effects do not appear to superpose on 
the recorder within the limits of accuracy assumed above, i. e., the 
resulting deflection seems to correspond closely to that of the stronger 
signal alone. It is only when two signals are nearly equal in intensity 
that superposition becomes evident. 

Some of the work which is being done by means of automatic re- 
cording is described below. 


RECEPTION VARIATION 


The recorder was first used for registering the general changes in 
long-wave signal intensity during the day and night. In the beginning 
an attempt was made to measure a large number of stations, observ- 
ing each station for five minutes in every hour. Curves of this kind 
were shown in Mr. Judson's paper already cited. While this method 
was fairly satisfactory, at least with distant stations, it was soon de- 
cided that, on account of the rapid changes in intensity, more frequent 
observations on each station were desirable. In recording the trans- 
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oceanic long-wave stations, with which our work largely deals, it was 
found, especially in the cases of stations at distances of less than 1000 
km, that the sequences of change in intensity showed very great varia- 
bility on different nights. The degree of this variability may be seen in 
the collection of curves in Fig. 1. In this figure the curves are made up 
from series of ten recorder points taken each half minute with five- 
minute intervals after each series. In considering the variability of 
the eurves without going into the possible causes of variations, we 
see at once that eurves taken on single nights, or even on a considera- 
ble number of nights, would have very little value for purposes of 
generalization. It was thought at first that there were more or less 
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Fig. | 
periodic cycles of night change, the same patterns of change repeating 
themselves every two or three weeks, but we are now doubtful as to 
the existence of such cycles, apart from the possible effects of magnetic 
and solar disturbances. 

Fig. 2 shows the differences which may exist in the night changes in 
signals of somewhat different wavelengths coming along the same path 
at the same time. The two stations, WCI (A=16350 m, f =18.35 ke) 
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and WGG, (A=13500 m, f=22.22 ke), are both at Tuckerton, N. J., 
251 m from Washington, WCI transmitting from an umbrella antenna 
while WGG makes use of a flat top antenna. It is not believed, how- 
ever, that the differences observed are produced by the antenna forms, 
as similar differences are also found in other cases where the antennas 
are of the same type. 

In the ease of transmission over distances short enough to make the 
ground wave comparable in intensity with the downcoming wave, it 
must be remembered that the phase relation between the two, due to 
the difference in length of their paths, is probably the chief factor in 
determining whether the signal intensities at night rise above or fall 
below their daylight values. This faet must be remembered in making 
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Fig. 2 
use of the night signals from stations with strong ground waves for 
the study of the correlation of radio transmission with other natural 
phenomena. 

It is generally believed that below the Kennelly-Heaviside layer 
there is a region of sufficiently great ionization to produce absorption 
in the downcoming wave, certainly in the day time and perhaps, in a 
lesser degree, at night. The relative importance of reflection or re- 
fraction in the Kennelly-Heaviside layer, and absorption in the absorb- 
ing layer in affecting signal intensity is not yet by any means clear, 
the absorption perhaps being more important in the day time, and the 
changes in reflection at night. 


MEASUREMENT OF DowxcouiNG WAVE ANGLE 
Another use for the automatic recorder is the continuous deter- 
mination of the angle with the horizontal at which the downcoming 
wave reaches the receiving station. A method for calculating this 
from observations made on a vertical antenna and on a loop antenna 
has been given by Appleton and Barnett? 


* Proc. Royal Soc., (A), 109, 621, 1925. 
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In the following explanation, for the sake of the clearness of the 
physical picture, the eleetrie field is considered both in the case of the 
antenna and of the loop, instead of considering the electric field in the 
case of the antenna and the magnetic field in the case of the loop, as 
in the paper by Appleton and Barnett. 

Suppose the case of a radio wave passing along the ground with 
its electric force Ee vertical and a reflected or refracted wave from the 
same source coming down from the Kennelly-Heaviside layer at an 
angle @ with the horizontal and with its electric force Br at right 
angles to the direction of propagation and in the propagation plane. 
E, on account of the difference in length of the two paths will, in gen- 
eral, be out of phase with Eg. 

From Fig. 3A, itisseen that the downcoming wave £g beforeand after 
reflection from the earth will have its vertical components Er cos @ and 
Er cos @ in phase but its horizontal components E, sin @ and Er 
sin $ in opposite phase, so as to neutralize each other, if the earth is 
a perfect conductor, which is generally approximately the case for 
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very long waves. The resultant e. m. f., therefore, as measured on an 
antenna will be practically vertical and will be 22h cos @ when A is 
the effective height of the antenna. 

Different conditions prevail in the case of reception on a vertical 
loop with its plane in the plane of propagation, as has been shown by 
Appleton and Barnett in the paper cited. The loop current may be 
looked upon as due to the difference in phase of the wave where it en- 
ters the loop and where it leaves it, the resultant electromotive force 
being independent of the angle at which it strikes the loop and equal 


Austin: Recording Signal Intensity 1197 


to (Er2mnh’)(1/) where Es is the field strength; /, the distance from the 
front to the back of the loop in the direction of propagation; nh’l, 
the area turns of the loop; and 2z(l/X), the difference in phase of the 
wave at the points of entering and leaving the loop. As the phase of 
the horizontal component will be shifted 180 deg. by reflection and as 
the reflected wave now passes the loop from below, (see Fig. 313) the 
resulting e.m.f. produced in the loop by the reflected wave will be in 
the same direction as that due to the direct wave and the sum of the 
two e.m.f.'s will be 4s Egnh' (LX). 1f we assume no abnormal polariza- 
tion in the downcoming wave, and that the field due to the downcoming 
wave is negligible in comparison with the ground wave in the daytime, 
and that the latter remains of the same intensity by night as by day, 
we may determine the angle of the downcoming wave as follows: having 
observed the average day field intensity (ground wave alone) Ec, which 
will be the same for the antenna and loop, and then the average night 
field intensities on the antenna and loop, whieh will, in general, be 
different, we have, calling the resultant antenna field intensity E and 
the loop field intensity E' 


Antenna Loop 
Ep (day) — Ea Ep’ (day) = Ec 
Ey (night) = Ec--2K Es cos o Ey’ (night) 2 Ec--2K Eg 
The difference in night and day field intensities is then 
Es — Ec -2K Ey cos ó Es! - Ep Z 2KEn 


The ratio of the night and day difference of the field intensities of 
the antenna and loop is 


where ¢ is the angle which the direction of the downcoming wave makes 
with the horizontal, and A a factor depending on the integral phase 
difference between Ng and Er. 

The accuracy of this result will be vitiated to the extent that re- 
flection takes part in day transmission and to the extent that the 
ground wave varies between night and day. 

Fig. 4 shows the great differences which are found in the loop and 
antenna reception patterns from long-wave stations at night, corre- 
sponding to differences in the angle of the downcoming wave. The re- 
ception shown in the figure is from WSS at Rocky Point, L. L, the 
distance from Washington being 435 km, and the wavelength 16100 m. 
Since the eurves of the individual days are so varied in form, an attempt 
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has been made to use averages covering a month for determining the 
mean values of the downcoming wave angles at the various times of 
the night. It has not been found possible to determine the angle of the 
downeoming waves in the middle of the day, although these waves 
almost certainly exist, at least in winter, as is shown by the fact that 
the signals sometimes reach two or three times their calculated values. 
Their presence has also been indicated by the work of Hollingworth.‘ 
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Fig. 5 shows the curves of the mean values of the angle for the hours 
between 4 P. M: and 10 A. M. for the station WSS in the months of 
December 1927 and February 1928. The two curves show a rapid rise 
in angle about sunset, an irregular course during the night, a fall fol- 
lowed by a rise about sunrise, and a rapid fall to low values an hour 
or two later. 


ATTEMPTED DETERMINATION OF THE HEIGHT OF 
THE KENNELLY-HEAVISIDE LAYER 


lf it were possible to assume that the downcoming wave is the 
result of regular reflection from a plane surface we could at once cal- 


4 Jour. I. E. E., London, 64, 579, 1926. 
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culate the height of the reflecting layer since the distance between the 
sending and receiving stations is known. Fig. 6 shows the average 
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heights for the various hours of the night, for the station WSS during 
the month of February 1928, as calculated from the downcoming wave 
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angles in Fig. 5. Fig. 6 indicates a rapid rise in the height of the layer 
near the time of sunset, with irregular changes during the night and 
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a fall after sunrise, corresponding to the changes of angle in Fig. 5. 
This is probably qualitatively correct, but an actual change in height 
from 50 to 500 km, as indicated in Fig. 6, would necessarily result in 
the intensity of the signal passing through a number of maxima and 
minima due to the interference of the ground and downcoming waves. 
These maxima and minimado not appear onthe records of the recorder. 
If we consider the indicated height records of the individual nights, the 
heights calculated are seemingly preposterous, sometimes exceeding 
2000 km. 

In the examination of the individual daily curves of the loop and 
antenna reception from which Fig. 5 is derived, we find that the calcu- 
lated angles of the downcoming waves are not only nearly always very 
large but in many cases appear to be greater than 90 deg., that is, the 
wave comes down from the back. These observations may be explained 
either by supposing that the downcoming wave is produced by reflec- 
tion from a rough surface or perhaps from irregular ionized cloudlike 
masses, or by refraction in a medium of very irregularly distributed 
ionization. 

NATURE OF THE FIELDS 

It may be of interest to study briefly the variations in the downcom- 
ing wave which would produce the changes on the antenna and loop 
which the observations indicate. This may be done with the help of 
the diagrams of Fig. 7. In these the antenna and loop are shown with 
the vertical and horizontal components of the electric fields acting on 
them. Here Eg represents the field of the ground wave assumed to be 
constant day and night, Er cos ¢ the vertical component of the field 
of the downcoming wave, and Ez sin $ the horizontal component of 
the field of the downcoming wave. 

We assume that the vertical antenna is affected only by the ver- 
tical electric fields, Eg and Er cos $, while the loop with its plane in 
the plane of propagation is affected by the total field of each wave 
of its angle of incidence. The effects of the reflection from the earth 
have been already explained in the discussion of the calculation of 
the angle of the downcoming wave, and it should be remembered that 
two waves passing across the loop in opposite directions produce loop 
currents in opposite directions. 

For simplicity, in the diagrams of Fig. 7 Er and Ec are considered 
either to be in phase or in opposite phase. The legends placed beside 
the diagrams will probably furnish sufficient explanations of the com- 
binations of electric fields and the resulting changes in the antenna 
and loop signal intensity. All of the cases of change in antenna and loop 
signal intensities given have been identified in our records. 
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Lone-WaveE NIGHT SIGNALS AND MAGNETIC STORMS 


The continuous records of the long-wave signals promise more com- 
plete information concerning the relation of magnetic storms to the 
variations in radio transmission at these wavelengths than it has been 
possible to obtain from the daylight observations, which were the only 
ones taken regularly at the Bureau of Standards before the introduction 
of the recorder. 
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Some records taken on signals from the R.C.A. station WCI at 
Tuckerton, N. J., wavelength 16750 m, (frequency 17.91 ke) in July 
1928, are shown in Fig. 8. These include the period of the unusually 
severe magnetic storm of the night of July 7-8 and show apparently 
unmistakable evidence of the effects of this storm on the transmission. 
As no record was obtained at the Bureau of Standards on the night of 
the storm, G. W. Pickard has kindly permitted me to use one taken by 
him at Newton Center, Mass., where the curves of WCI generally agree 
closely in behavior with those taken in Washington. This curve is 
shown as a dotted line in the figure. It will be noted that if we compare 
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the average curve of the three days before the storm, which we believe 
represents normal comparatively undisturbed summer conditions, with 
the curve of the night of the storm and those of the nights which follow, 
the storm appears to have caused an inversion of the general night 
trend, changing the slight normal drop during the night to a consider- 
able rise. During the hours of the continuation of the storm, from 
6:30 P.M. on the 7th to 6 a.m. on the 8th, the night curve is not only in 
general much higher than usual but very much disturbed. On the 
succeeding nights the irregularities of propagation gradually became 
less until on the night of the 12th-13th almost normal conditions had 
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returned. Similar effects have been observed in the case of two other 
major magnetic storms on the signals of WCI, and irregularities have 
often been detected due to the minor storms noted as No. 1 days in the 
magnetic reports. 

WCI appears to be particularly suited in wavelength and in dis- 
tance from Washington for showing the effects of magnetic distur- 
bances on the night signals. Some of the other R.C.A. stations in New 
Jersey and on Long Island show these effects much less. These differ- 
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ences in behavior are perhaps to be expected when we remember that 
the increase or decrease of the night signal depends so much on the 
phase relations of the ground and downcoming waves. 


UNIDIRECTIONAL SYSTEM 


Automatic recording is also applicable to a method of reception 
which was first introduced by Appleton and Ratcliffe,’ for the study 
of downcoming waves and which was independently used for the same 
purpose a little later at the Bureau of Standards. 

In this method the well known combination of a loop with a ver- 
tical antenna for the elimination of signals from a given direction in 
the horizontal plane takes the form of a cardioid. 


ANTENNA -— -— 


oor 
\V $ 


Fig. 9 


This circuit, often called the barrage circuit in America, has long 
been used for the elimination of undesired signals and for the reduction 
of atmospherics. The circuit arrangement is shown in Fig. 9. Here 
the loop is turned on its vertical axis so that its plane is in the plane of 
propagation, but is so coupled to the antenna that the reception from 
the given direction on the loop opposes that on the antenna. Then the 
strength of coupling LL’ is adjusted so that in the middle of the day, 
when it is assumed that only the vertical ground wave is present, the 
two receptions balance and no deflection is shown on the recorder. 
If these conditions are fulfilled, the system is balanced for all vertical 
fields of the given frequency from the given direction for which the 
adjustment was made. If, however, as sunset approaches, or during 
the night, downeoming waves appear, their horizontal components of 
field will destroy the balance and deflections will be produced. 

Calling Eg the electric component of the field due to the ground 
wave and £g that due to the downcoming wave, the effect of the an- 


* Proc. Roy. Soc:, (A), 115, 291, 1927. 
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tenna on the receiver is proportional to Eg+KEr cos ¢, and of the 
loop Ec-- K Ey as was shown in the discussion of the angle of the down- 
coming wave. Since the loop and antenna are adjusted so as to produce 
equal and opposite effects on the receiver in the case of the reception 
of the ground wave, the resultant effect on the receiver when down- 
coming waves occur is 


E-—A(Ec--KEg— Ec— KEn cos $) 
—AKEnqn(1—cos 6) - 2A KE, sin? z 


where A is a constant. 

The advantage of this system over that in which the antenna and 
loop are used separately is that here we are able to study the down- 
coming wave free from the ground wave although modified by K, the 
factor due to the phase difference between Eg and Ep. 


NEW BRUNSWICK NJ -WeT- APRIL E-I 1928 
53. 
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Fig. 10 shows two curves of reception of the R.C.A. station WRT 
(A — 13200 m, f=22.73 ke) at New Brunswick, N.J., as recorded in 
Washington on the night of April 2-3, 1928. The solid curve represents 
reception on the loop and the dotted curve that on the unidirectional 
system. The sensitivity of the recorder when used with the unidirec- 
tional system was four times as great as when used with the loop. It 
will be noticed that the variations in the two curves generally, but not 
always, follow each other. 

Our knowledge of the conditions in the upper atmosphere which 
affect the radio waves as they pass through it to the receiving station 
is still very fragmentary. 

The impression which is gathered from the large number of records 
of reception at wavelengths above 10,000 m, taken on the automatic 
recorder, does not by any means support the view that the bending 
of the waves in the upper regions is due to any approximately regular 
reflection or refraction. 
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The somewhat confused picture which we have gained is rather 
that of rapidly changing masses of ionized gas forming an irregular 
and shifting lower surface and possibly at times thinning out or form- 
ing openings so that the rays may then pass to higher levels before 
being turned back toward the earth. 

There is, however, a difficulty in accepting this conception of re- 
flection from an irregular changing surface, as it would seem to imply 
rays striking the receiving system at times from the side that is not 
in the great circle plane joining the sending and receiving stations. 
Such rays would produce deviations in direction finding of a type 
which according to the experiments of Smith-Rose® with the Adcock 
direction finder should not exist. 


* Proc. I. R. E., 17, 467; March, 1929. 
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THE RELATION OF RADIO PROPAGATION TO DISTURBANCES 
IN TERRESTRIAL MAGNETISM* 


By 
I. J. WxwonE 
(Laboratory for Special Radio Transmission Research, Bureau of Standards, Washington, D. C.) 

Summary—T his paper presents the results of a study of an apparent 
inter-relationship between radio reception and changes in the earth’s magnetism. 
The results show that for long-wave daylight reception over great distances 4,000 
to 7,100 km) there is in general a variable but definite increase in the intensity of 
the received signal following the height of severe magnetic disturbance. This increase 
reaches its maximum in from one to two days and disappears in from four to five 
days. For moderate distances (250 to 450 km) there is an increase in the intensity of 
the received signal noticeable before as well as after the magnetic storm reaches a 
maximum. These changes in intensity cover periods from two to four days both before 
and after the magnetic storm reaches its height. 


N a paper presented before the Institute of Radio Engineers in 

May, 1925, Espenschied, Anderson, and Bailey! pointed out that 

at times of severe magnetic storms abnormal radio transmission 
was likely to occur, night field intensities being greatly reduced and 
daylight intensities slightly increased. These conclusions were based 
upon hourly observations (for one day a week) of low-frequency trans- 
mission (17, 25, and 57 ke) across the Atlantic covering a period of 
about two years. From a more exhaustive analysis of this same mate- 
rial with the addition of later observations Anderson? in 1928 concludes 
“High daylight radio field strengths (at 57 ke) obtain during periods 
of marked magnetic activity. In most cases, the magnetic disturbances 
precede the high values, but there is evidence of an abrupt rise to 
high values preceding the magnetic disturbance and at times a gradual 
rise to high values independent of the magnetic activity ..... It is 
seen that the high radio fields do not occur particularly on days of 
high magnetic character but rather during periods when magnetic 
storms occur. Because the radio data are available for one day a 
week only, no detailed conclusions can be drawn. For the most part, 


* Dewey decimal classification: R 113.5. Original manuscript received by the 
Institute, February 5, 1929. Publication approved by the Director of the Bureau 
of Standards of the U. S. Department of Commerce. To be published in forth- 
coming issue of the Bureau of Standards Journal of Research. 

! Espenschied, Anderson and Bailey, Bell Sys. Tech. Jour., 13, No. 3, 1925. 
Pnoc. I. R. E., 14, 7; February, 1926. 

2 C. N. Anderson, Proc. 1. R. E., 16, 297; March, 1928. 
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however, the high fields follow the magnetic disturbance and then 
gradually fall off.” 

Pickard? from a series of observations on broadcast reception taken 
at Newton Center, Mass., on the Chicago station WBBM (800-900 ke) 
concludes that the “depression of night reception accompanying mag- : 
netic storms is very striking. Day reception from Nauen, AGS, (24 kc) 
shows an inverse effect, an increase of field accompanying and follow- 
ing the storm." 

In a paper! presented before a meeting of the International Union 
of Scientific Radio Telegraphy in Washington, October, 1927, it was 
pointed out that the field intensity of the American station WSS 
(18.5 kc) for the duration of 8 months when averaged in periods of 
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strength of signal from stations in Europe (LY, FU, AGW, GBR) during 
the progress of magnetic storms; 1925, 1926, 1927. 


five days, exhibited a marked tendency to vary with the diurna] range 
of horizontal intensity of the earth's magnitic field. This indicated the 
possibility of a day by day relationship between magnetic disturbances 
and variations in signal strength. The present study was, therefore, 

3 G. W. Pickard, Proc. I. R. E., 15, 88, February, 1927; also 749, September, 


1927; and 1004, December, 1927. 
* L. W. Austin and I. J. Wymore, Proc. I. R. E., 16, 166; February, 1928. 
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undertaken to determine whether such a correlation existed. A long 
series of reception data consisting of daily observations on low-fre- 
quency stations (15 to 23.4 ke) was available, which was particularly 
suitable for this investigation. These measurements had been made 
at the Bureau of Standards by the telephone current comparator 
method.5 Field intensity measurements from two groups of stations 
were examined; those made on signals from long distances, (4000-7100 
km), and those on signals from moderate distances (less than 500 km). 
For the former, observations taken from 10 to 11 a. Mm. on Lafayette 
(LY), Ste. Assise (FU and FT), Nauen (AGSandAGW), Rugby(GBR), 
Coltano (ICC), and Bolinas (KET) were utilized and for the latter, 
observations at 10 a.m. and 3 p.m. on the Radio Corporation stations 
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Fig. 2—Deviations in signal strength from the monthly average during the 
progress of the magnetic storm of October 12, 1927. 


at Tuckerton, N. J. (WGG), New Brunswick, N. J. (WRT and WII), 

and Rocky Point, L. I. (WSS). In order to eliminate as much as pos- 

sible any variations due to conditions not generally effective, stations 

of approximately the same wavelength were grouped and the data were 

averaged. Thus, in Fig. 1, LY (15.9 ke), FU (15.0 kc), AGW (16.5 ke) 
5 L. W. Austin and E. B. Judson, Proc. I. R. E., 12, 521; October, 1924. 


Wymore: Radio Propagation and Terrestrial Magnetism 1209 


and GBR (16.1 ke) are grouped together; in Fig. 3, AGS (23.4 ke), 
FT (20.8 ke), Bolinas KET (22.9 ke), and ICC (19.9 ke); and in Fig. 4, 
the Radio Corporation stations WII (21.8 kc), WGG (18.9 kc), WRT 
(22.7 kc), and WSS (18.7 ke). 

The field intensity of low-frequency signals is believed to be less 
influenced by magnetic storms than that of the broadcast range. For 
this reason, only the most severe disturbances were considered in the 
calculations. Since practically all severe magnetic storms occur simul- 
taneously over the earth the observations taken at the Cheltenham 
Magnetic Observatory of the U. S. Coast and Geodetic Survey were 
considered sufficiently indicative of changes in magnetic activity. As 
a qualitative measure of daily magnetic activity “magnetic character 
of day” numbers? were used to determine the occurrence of and to lo- 
cate the central day of the magnetic storms which were selected in 
preparing the data in Figs. 1, 3, and 4 and the diurnal range of horizon- 
tal intensity of the earth's magnetic field was used for comparison 
in Figs. 5 and 6. 

Days for which the magnetic character number was reported as 2 at 
Cheltenham, Md., were considered days of maximum magnetic activity 
and are represented by the zero point of the abscissas in Figs. 1, 3, and 
4; i. e., they are the central days of eleven-day periods extending from 
five days before to five days after each magnetic storm. Averages were 
maie of the radio field intensity of the stations on the corresponding 
days of these eleven-day periods. 

The following table gives the dates of the magnetic storms consi- 
dered in the calculations: 


1925 1926 1927 
Jan. 19-20 Jan. 26-27 j March 28 
May 4 Feb. 23-24 April 14 
June 13 March 5 May 5 
June 24 Apr. 14-16 July 21-22 
July 26 May 4-5 Aug. 20-21 
Aug. 22-23 June 1-2 Oct. 10 
Sept. 1-2 Sept. 9 Oct. 12 
Sept. 14-15 Sept. 15 Oct. 22-23 
Sept. 21 Sept. 20-21 
Oct. 23-24 Oct. 14-16 
Nov. 9 


In Fig. 1 are given the daylight values of the percentage deviations 
from the corresponding monthly averages of signal intensity of the 
long-wave European stations (LY, FU, AGW, and GBR) during the 
time of greatly increased activity of the sun in the years 1925, 1926, 
and 1927. While the values for the curves are smoothed, they approxi- 
mate closely the actual deviations obtained. The trend of the curves 

* For a qualitative estimate of magnetic conditions days are commonly di- 


vided into three classes and designated as follows: 0 denotes days which are 
magnetically quiet; 1, moderately disturbed days; and 2, severely disturbed days. 
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before the maximum of the magnetic storms varies somewhat in the 
three years although in general it tends to fall below the average. The 
most striking similarity is the high value on all the curves on the se- 
cond day after the peaks of the storms. In connection with this, the 
behavior of signals at the time of one extremely severe disturbance, 
that of Oct. 12, 1927, isinteresting. In Fig. 2 the percentage deviations 
from the monthly averages of field intensity for the stations, Lafayette 
(LY), Nauen (AGS), and Bolinas (KET), at the time of this storm 
are given. Intensities well above average were observed on October 12, 
the day of the maximum disturbance, but on October 14, two days 
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Fig. 3—Average daily deviation from the monthly mean of daylight field 
strength of signal from stations in Europe and California (FT, AGS, KET, 
ICC) during the progress of magnetic storms; 1925, 1926, 1927. 

following, the intensity had increased so greatly that in some cases it 

was more than 200 per cent above the average value for the month. 

This inerease in signal strength is too great to be a recovery from an 

abnormal condition before the storm and so probably represents some 

real effect of the condition productive of the magnetic disturbance. 

In order to obtain some idea of the variation of signal strength on 
magnetically quiet days an average for each of three years was made 
for twelve days which were reported as magnetieally quiet (magnetic 
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character number —0) and which were removed by five or more days 
from any reported disturbance. For 1925 these results gave an average 
signal deviation from the monthly average of two tenths of one per cent 
for quiet days; for 1926, six tenths of one per cent; and for 1927 one 
tenth of one per cent, the mean for the three years being three tenths of 
one per cent. Such an average, of course, represents merely the normal 
variations. Individual variations of field intensity on undisturbed days 
at times are much larger, and may occasionally reach or exceed 10 
per cent. 
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Fig. 4—Average daily deviation from the monthly mean of daylight field 
strength of signal from stations in New Jersey and Long Island during the 
progress of magnetic storms: (1) WII and WGG, 1925; (2) WII, WGG, and 
WSS, 1926; (3) WII, WGG, WSS, and WRT, 1927. 


In Fig. 3 the average deviations from the monthly means for Nauen 
(AGS), Ste. Assise (FT), Bolinas (KET), and Coltano (ICC) for the 
same three years are given. The same general tendency is noted in 
these curves as in those of Fig. 1 with the exception that the eurve for 
1925 shows high values on both the fourth and fifth days after the max- 
imum magnetic disturbance. 

The observations of field intensities of American stations (WII, 
WGG, WRT, and WSS) at moderate distances gave somewhat diffe- 
rent results. In general they show, for the same three years, a depres- 
sion of signal strength below normal on the day of the storm, preceded 
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three days before the storm by a considerable rise in intensity and fol- 
lowed three days after by another increase. The daily average devia- 
tions from the monthly averages during the periods of magnetic storms 
for 1925, 1926, and 1927 for these stations are shown in Fig. 4. Curve 
l gives the average of WII and WGG at 10 a.m. and 3 P.M., 1925; 
curve 2 of WII, WGG and WSS, at 10 a.m. and 3 p.m., 1926; and 
curve 3 an average of WII, WGG, WRT and WSS, at 10 a.m. for 
1927. 
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Fig. 5—Average daily deviation from the monthly mean of daylight field 
strength of signal (Rocky Point, WSS) and of horizontal intensity (range) 
of the earth’s magnetic field, 1926. 


A signal whose intensity is 25 per cent or more above the average 
for the month is considered well above normal and due to some unusual 
conditions effective along its path. In Fig. 5 a comparison is made 
between the variations in field intensities before and after these days 
of unusually strong signals and the diurnal range of the horizontal 
intensity of the earth’s magnetic field. The center or zero day is taken 
as the day on which the observed field intensity was 25 per cent or 
more above the monthly average. In Fig. 5 the station observed was 
WSS, at 10 a. m., 1926; in Fig. 6, WII at 10 A.m., 1927. High values 
of the diurnal range occurred three days before and from two to three 
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days after the signal peak. All data were smoothed by the formula 
a+2b+c 
4 


From the foregoing curves it is evident that during periods of 
magnetic storms the behavior of low-frequency (15 to 24 ke) daylight 
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Fig. ó—A verage daily deviation from the monthly mean of daylight field 
strength of signal (New Brunswick, WII) and of horizontal intensity (range) 
of the earth's magnetic field, January to July, 1927. 


signals tends to be as follows: 
(1) Over Long Distances (4000-7100 km). 

The intensity of signal falls below normal for several days before 
the maximum magnetic disturbance which is followed by a definite 
increase in strength from one to four days after the storm. 

(2)JOver Moderate Distances (250-400 km). 

There is an increase in signal strength above the average from two 
to four days before the disturbance with values below normal during 
the height of the storm followed by a strong increase in intensity from 
two to four days after the storm. 

This work was done under the direction of L. W. Austin at the 
Laboratory for Special Radio Transmission Research, Bureau of Stand- 
ards. The observations were made by E. B. Judson at that laboratory. 
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SOME MEASUREMENTS ON THE DIRECTIONAL 
DISTRIBUTION OF STATIC* 


By 
A. E. HARPER 


(Department of Development and Research, American Telephone and Telegraph 
Company, New York City) 


Summary—The utility of directional data on static is shown, and two types 
of apparatus devised for such a directional investigation are compared. It is shown 
that a method which gives the direction of individual crashes is superior to in- 
tegrating methods. The distribution of thunderstorms over the world is discussed, and 
comparisons are drawn between this distribution and the observed directional 
distribution of static. Probable geographical locations are assigned to the sources, 
based upon thunderstorm data and directional observations. 

JHE object of this study was primarily to determine the direc- 
tional distribution of the sources of static observed at our 
transatlantic radio telephone receiving station located at Houl- 

ton, Maine, for the purpose of investigating the performance of the 
present directional receiving antennas in the reduction of statie, and 
of furnishing basie data for the design of improved systems. It also 
was hoped that data might be obtained which would locate the geo- 
graphical positions of these sources and thus indicate the possibility 
of a more favorable site for a receiving station. 

Since our interest in the problem was confined to its immediate 
bearing upon the transoceanic radiotelephone channel, only matters 
of practical interest were investigated. For this reason our work was 
confined to the operating hours of the channel and a band of frequen- 
cies between 55 and 65 ke. We believed that local daylight observa- 
tions would be the more important, not only because the greater por- 
tion of the circuit operating time is daylight, but also because night 
readings are subject to directional shifts and other phenomena of a 
more or less irregular nature. 

The distribution at other frequencies probably would be modified 
only by non-uniform attenuation. The effect of daylight attenuates 
the high frequencies to a greater extent than the low frequencies, and 
due to the advancing shadow wall from east to west magnifies the effect 
of high-frequency static or signals arriving from the dark portion. 
Probably a wide departure in frequency from 60 ke would show a some- 


what modified distribution for this reason. 
* Dewey decimal classification: R114. Original manuscript received by the 
Institute, March 26, 1929. Presented before joint meeting of the Institute and 


the International Union of Scientific Radiotelegraphy, American Section, at 
Fourth Annual Convention of the Institute, Washington, D. C., May 15, 1929. 
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At the outset of our investigation the ideal apparatus for our pur- 
pose seemed to be a recorder which would draw a continuous graph 
of the strength and direction of static. Accordingly we built an ap- 
paratus consisting of a recorder with a scale range of 40 db, an ad- 
justible gain radio receiver, a combination of loop and vertical antenna 
to produce a revolving cardioidal reception diagram, and the neces- 
sary calibrating and auxiliary apparatus. The loop was turned by a 
motor at a rate of one revolution per fifteen minutes, and when passing 
through north, a contact operated a comparison oscillator for one 
minute. By this means the north was indicated on the record, and at 


Fig. 1—Recording Direction-Finding Apparatus at Houlton, Maine. 


the same time the sensitivity of the apparatus was checked. The 
record, by interpolation between the north marks, showed the angular 
relation between the minimum of the revolving cardioid and the true 
north. 

Tests were made on distant transmitters of known location, and 
it was found that the apparatus traced a satisfactory curve, indiea- 
ting the direction to a nice degree of precision. When applied to static, 
however, the device was not satisfactory, because two or more sources 
gave a diagram requiring mathematical analysis with many asssump- 
tions. The time required for such an analysis was longer than that 
required to take the records, and the results were open to question 
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on account of the necessary assumptions. Multiple sources were pres- 
ent during a very large percentage of the time. 

When we discovered that trouble would be experienced with the 
recorder we cast about for some other tool for the purpose. An ap- 
paratus devised in England by Mr. Watson Watt! offered possibilities 
and this apparatus with certain modifications was used. In its ori- 
ginal form it consisted of two crossed loops, one receptive in a N-S 
plane, while the other received best in an E-W plane. These loops 
were connected to two receivers of equal gain, whose outputs were in 


Fig. 2—Visual Direction-Finding Apparatus at Houlton, Maine. 


turn connected to the vertical and horizontal deflecting elements of 
a low-voltage cathode-ray oscillograph tube. The potentials induced 
in the N-S and E-W loops, respectively, are proportional to the com- 
ponents of the arriving wave in these planes and after passing through 
their associated amplifiers produce vertical and horizontal deflecting 
forces on the beam. The composition of these forces causes the beam 
to oscillate in a plane corresponding to the angle of the arriving signal. 


! R. A. Watson Watt and J. F. Herd, “An Instantaneous Direct Reading 
Goniometer," Jour. I.E.E., 64, No. 353, p. 611. 
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Fig. 3—World Distribution of Thunderstorms. (Reproduced from British 
Air Ministry Memoir No. 24, by C. E. P. Brooks. 
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Fig. 4—Average Distribution of Thunderstorms in the United States. 
(Reproduced from U.S. W.B. Monthly Weather Review, 52, 337-343; July, 1925, 
paper by William H. Alexander). 
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The screen of the tube is marked off with points of the compass and 
10-deg. graduations, in a clockwise direction so that a crash of 
static would make the beam in the tube vibrate in a plane whose in- 
tersection with the screen produced a fluorescent trace, the direction 
of which indicated the azimuth of arrival of the disturbance. This 
apparatus therefore can give the direction but not the sense of the 
incident wave. Information obtained regarding the location of thun- 
derstorms, etc., and records taken on the recording apparatus served 
to help us decide which end of the line was the index. 


POLAR MAP ABOUT HOULTON MAINE, U.S.A. 
Fig. 5—Polar Map about Houlton, Maine. 


This apparatus seeemed very satisfactory in its operation so modifi- 
cations were made to make it unidirectional and to increase its ease 
of operation. In its final form it is shown in Fig. 2. 

The method of taking observations by means of the cathode-ray 
tube is as follows. Each crash or grinder of static produces a momen- 
tary fluorescent line on the screen of the tube, pointing in the direction 
of arrival. It occurred to us that photographic recording might be of 
assistance, but a trial gave us unsatisfactory results, so a method of 
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visual observation had to be used. Two men are required, one to note 
the readings made by the other. At the beginning of the observation 
the apparatus is adjusted to give a nearly full scale deflection on the 
static. The sensitivity of the apparatus in microvolts per meter per 
centimeter of deflection is then measured and noted on the form. The 
observer, after a minute in which his eyes become accustomed to the 
light, begins a 5-minute run timed by his assistant. At each crash of 
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Fig. 6—Sample of Record of a Visual Observation. 


static he calls off the intensity as estimated in centimeters, six being 
the maximum, and the direction to the nearest 10-deg. graduation on 
the tube. These data are recorded by the assistant on the form shown 
in Fig. 6. At the end of the 5-minute run the deflections observed in 
each 10-deg. sector are totalled and multiplied by a conversion factor to 
obtain the relative noise, the units of which are 1 uv per meter per 5 
minutes. The conversion factor is obtained by 4 measurement of the 
output of a comparison oscillator required to give a 5-em deflection. 
This oscillator output is then related to the field strength by use of 
the ordinary methods. 
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Daily measurements are made at 9 a.M., 12 noon, and 5 P.M. 
EST, and the results are averaged and analyzed in the form of monthly 
reports. In order to prevent this paper from becoming too volumin- 
ous, we have not included our monthly averages, but have made one 
set of curves covering the closely related period of April to September, 
and since complete winter data are not available at this time, we 
have taken December as representative of the winter months. 

The fact that static may come from great distances has been proved 
by means of simultaneous records made of static crashes in Hawaii, 
New York, and Germany. We believe that for receiving in Maine 
the most important source of static is thunderstorms in the United 
States and Canada, after which we put thunderstorms in other portions 
of the globe. In addition to actual thunderstorms we find static 
accompanying weather disturbanees such as electrified clouds, 
ete., which have not reached the point of producing audible thunder. 
As a working hypothesis it may be assumed that such static is pro- 
duced on the southeast edge of an advancing low-pressure area, es- 
pecially if precipitation occurs. This condition when accompanied 
by uprushing winds according to Humphreys? tends to produce a 
thunderstorm. Therefore in the absence of other data, thunderstorm 
charts would be the most logica! index of the location of static sources. 
The above theory seems to be strengthened by our Houlton measure- 
ments. 

According to available information on the subject of thunder- 
storms, they are much more frequent on land than over the oceans. 
The period of highest frequency is given as 2 to 4 p.m. on land in sum- 
mer and about 4 a.m. over the oceans. Ocean thunderstorms are said 
to be more frequent in winter than summer. Basing our prediction 
of the distribution of static on average thunderstorm data alone, the 
prineipal disturbed areas are shown in Table I, compiled from Figs. 
3 and 4. These concentrated sources have been arranged in order of 
their distances from Houlton, which would be expected to be a measure 
of their importance. The season has been designated by the representa- 
tive month to avoid ambiguity of northern and southern hemisphere 
seasons. 

The directional distribution of received atmospherics is also a 
funetion of the radio attenuation. When the transmission path is 
over land the static is weaker, due to land attenuation, than if it had 
traveled only over water. A diurnal variation must be expected 


2M. Baumler, “Simultaneous Atmospheric Disturbances in Radio Tele- 
graphy,” Proc. I.R.E., 14, 765-771; December, 1926. 
3 Prof. William J. Humphreys, “Physics of the Air." 
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because day and night attenuation differ considerably. Static ar- 
riving from the dark side of the shadow wall being attenuated to a 
smaller extent than that arriving from the illuminated portion of the 
globe produces a distortion of the distribution eurve which would be 
expected if this phenomenon were disregarded. 

Data analyzed but not given in this paper, based on circuit time 
lost on the transatlantic radio channel, and on monthly values of 
relative noise, show a fairly good connection between thunderstorm 


> 
= 
6 
z 
w 
[s 
z 
rj 
> 
E 
u 
« 


N NE sw w aw N 


Fig. 7—Observed Directional Distribution of Static from Houlton, Maine, 
April-September, 1928. 
frequency in the United States and these values. It is fortunate that 
it is only the very strong summer static that causes our circuit troubles. 
The weak winter variety from long distances is further reduced 
by directional reception and is overridden by strong signal fields, 
causing little lost time. 

Examining the curves of Fig. 7 we note maximum noise from 210 
deg. increasing as the hour becomes later. Due to the magnitude of 
the separate crashes observed, we have ascribed this source to Florida 
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and the southern Atlantic coast states. A submaximum at 250 deg. 
at 1400 GMT probably is due to Mexico and disturbances in the 
United States in this direction. "This sector shows somewhat less 
markedly at 1700 and 2200 GMT. At 2200 GMT a rather pronounced 
submaximum appears at 90-100 deg. which may be African static 
taking advantage of the lower attenuation due to approaching dark- 
ness from the east. A bump on the curve is also evident at this time 
which might be charged against the area at sea off Argentina, although 
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Fig. 8—Observed Directional Distribution of Statie from Houlton, Maine 
December, 1928. 


this is purely conjecture. There isa very noticeable blanketing effect 
due to North American static which makes all these long distance 
phenomena stand out less sharply than desirable. 

The winter curves of Fig. 8 show a very important maximum at 
90 deg. which probably is due to Africa. Another slightly higher maxi- 
mum is at 180 deg. which we feel justified in ascribing to South 
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America. À maximum at 130 deg. is observed at 2200 GMT which 
may be due to equatorial static in midatlantic. 

Besides these principal maxima, we have at 1400 GMT several 
submaxima, for example one at 250 deg. which may be due to Texas 
thunderstorms. A very poorly defined maximum at about 300 deg. 
has not yet been explained. Static from this sector is also recorded 
at 2200 GMT. 

Table I seems to fit the observational data astonishingly well, leav- 
ing only two points uncovered. The thunderstorm areas in Louisiana 
and Mexico do not distinguish themselves on our winter curves. This 
faet may be due to high overland attenuation and to the blanketing 
effects of other sources. The East Indian area, which seems extremely 


TABLE I 
Directions OF PRINCIPAL THUNDERSTORM AREAS FROM H OULTON, MAINE 

Geographic Location Approximate Bearing Season 
Florida N210E July 
Mexico N240E £ 
New Mexico N260E x: 
Africa N90E » 
At Sea off Argentina N160E » 
Sumatra and East Indies N5E s 

December 

Louisiana and Western Florida N225E H 
Southern Mexico N225bE » 
Ecuador N190E 5 
Brazil N165E g 
Central Atlantic near Equator N115-140E > 
Africa N90E - 
Sumatra and East Indies N5E a 


important on the charts, does not make its appearance at all on the 
curves. This may be due to the extreme length of the transmission 
path, or to the fact that on account of its almost antipodal position 
it arrives from an unexpected direction and is blanketed by stronger 
sources. 

At the start of our observations we expected to note evidence of 
disturbances from the neighborhood of the Icelandic semipermanent 
low-pressure area. However, none of our monthly curves shows 
any sign of trouble from this source. From this we are forced to con- 
clude that low-pressure area in general do not necessarily have the 
electrical characteristics which at times accompany moving cyclonic 
depressions of steep gradient. 

Our summer data show that July is the worst month for static at 
Houlton, and that this month also has the largest number of United 
States thunderstorms. The summer average curve indicates 200-220 
deg. as the sector of maximum static with large quantities arriving 
at Houlton from the whole sector between 140 deg. and 270 deg. 
Minimum statie at this season is received from the northern sector 
bounded by 290 deg. and 70 deg. 

The author is indebted to Mr. F. H. Willis and staff at Houlton for 
the directional observations used in the preparation of this paper. 
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THE ROUTINE MEASUREMENT OF THE OPERATING 
FREQUENCIES OF BROADCAST STATIONS* 


By 
Henry L. Bocarpus AND CHARLES T. MANNING 
(Radio Division, Department of Commerce, Office of Supervisor of Radio, New York) 
Summary—The method of making “zero beat" measurements of the operating 
frequencies of broadcast stations in the Second Radio District is described, showing 
the method of comparing the received signal from a broadcasting station with a signal 
of known frequency, oblained from a 10-kc multivibrator controlled by a 90-kc quartz 
crystal. There is also given a description of the method used in reducing the measure- 


ment to a flexible routine procedure while still maintaining an accuracy well within 
the 600-cycle limit established by the Federal Radio Commission. 


OR sixteen years the Radio Division of the Department of Com- 
pets has concerned itself, as required by law, with the measure- 

ment of the radiated waves from all classes of commercial and 
amateur radio transmitters. Measurements of the operating frequen- 
cies of stations were made by means of a wavemeter at the trans- 
mitting station, which method was sufficiently accurate to insure 
freedom from interference between the relatively few stations op- 
erating prior to 1920. However, the rapid development of broad- 
casting, and a separation of ten ke between stations, soon demon- 
strated the futility of attempts to make a sufficiently accurate check 
of the operating frequencies of such stations by the use of an or- 
dinary wavemeter at the station. Special wavemeters covering only 
the broadcast band, even when calibrated immediately before and 
after a visit to a station, were found entirely inadequate for checking 
frequencies within five hundred cycles. It was therefore decided to 
make use of the so-called "zero beat" method, checking all stations 
at a given location where equipment better adapted for accurate 
measurement work could be installed and maintained under reason- 
ably constant temperature conditions. 

The office of the U. S. Supervisor of Radio at New York first 
made use of the zero beat method of measurement of the operating 
frequencies of distant radio transmitting stations early in 1923 at 
which time the measurements were confined principally to checks 

* Dewey decimal classification: R210. Original manuscript received by the 
Institute, January 17, 1929. Presented before New York meeting of the In- 


stitute Ap 3, 1929. 
1 Federal Radio Commission General Order No. 7, April 28, 1927. 
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on the waves emitted by coastal telegraph stations working with 
ships. The method as used at that time consisted, briefly, in tuning 
in the signal to be measured on a non-oscillating receiver, resonating 
a local driver or oscillator with the incoming frequency as deter- 
mined by a pair of telephones and then measuring the locally generated 
frequency by means of a Kolster Type “D” Decremeter. This method 
was successfully employed in reducing interference between coastal 
marine stations, and was employed with some success in checking 
broadeasting stations when broadcasting was conducted on only 
two wavelengths, namely 360 and 400 meters. 

There are many sources of error inherent to the measurement 
method indicated above, and while these errors were not of great 
importance when there were few broadcast stations widely separ- 
ated, numerous changes and refinements were necessary to adapt 
the “zero beat" method of measurement to the accurate checking of 
stations operating on channels 10 ke apart. 

It is therefore the purpose of this paper to describe the method 
of frequency measurement which has been successfully employed at 
the office of the U. S. Supervisor of Radio at New York during the 
past year, and to show how the measurement of the operating fre- 
quencies of broadcast stations in the Second Radio District has been 
reduced to a practical routine procedure while maintaining an ac- 
euracy of measurement well within 500 cycles. 


OUTLINE or METHOD or MAKING FREQUENCY MEASUREMENTS 


The method at present employed for the measurement of the 
operating frequencies of broadcast stations consists of seven distinct 
operations: 


(1) The desired signal is tuned in on a selective, non-oscillating 
receiver used in conjunction with a large cone loud speaker; 


(2) A local oscillator (hereinafter called the auxiliary generator) 
is resonated with the incoming signal by a combination aural 
and visual method; 


(3) Thefrequency meter is then adjusted to resonance with the auxil- 
iary generator and the dial reading recorded as the “station 
setting"; 

(4) The antenna is disconnected from the receiver and a signal of 
known frequency corresponding to the frequency assignment of 
the station under measurement is substituted in the receiver for 
the station signal picked up by the antenna; 
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(5) The auxiliary generator is adjusted to resonance (zero beat) 
with the signal of known frequency as determined by aural and 
visual methods; 

(6) The frequency meter is then readjusted and dial setting noted 
at the point which corresponds to this frequency, this reading 
being called the ‘‘crystal setting"; 

(7) From the two dial settings obtained, namely, the ''station set- 
ting," the corresponding frequency of which is to be determined, 
and the ''erystal setting" corresponding to the assigned fre- 
quency of the station, the deviation of the station from its as- 
signed frequency may be readily determined provided the shape 
of the calibration curve of the frequency meter and the kilocycle 
equivalent of one degree of the frequency meter scale at this set- 
ting are known. 

In order to obtain accurate results from the procedure indicated 
above, it is apparent that, first, an accurate method must be pro- 
vided for obtaining zero beat or resonance between the incoming signal 
and the auxiliary generator, also between the standard known fre- 
quency calibration point and the auxiliary generator; second, a source 
of accurate known frequencies must be available which provides 
frequencies every 10 ke throughout the broadcast band; third, a 
frequency meter must be employed which will readily indicate changes 
in frequency of considerably less than 0.01 per cent. The manner in 
which these requirements are satisfied will be shown in the following 
paragraphs where each part of the equipment is described. 

The equipment is installed in the Office of the Supervisor of Radio 
on the third floor of the Subtreasury Building at Wall, Nassau and 
Pine Streets, New York City. While this location is bounded by 
thirty-story office buildings on three sides and a 65,000-volt smoke 
precipitator on the fourth side, reception at night is satisfactory for 
our purposes. Ninety-five per cent of the Second District broadcast 
stations can be received with sufficient signal strength to be measured 
without difficulty. 

Fig. 1 shows the arrangement of the measurement apparatus. 


THE RECEIVER 
The receiver has two stages of tuned radio-frequency ampli- 
fication, detector, and two stages of audio-frequency amplification 
storage battery operated, and is used in conjunction with a long 
single wire antenna on the roof. A switching device is used to short 
out turns on the higher frequencies so as to give greater selectivity 
on the higher frequencies in the broadeast band. 
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The audio-frequency transformers employed in the set were se- 
lected as most suitable for the very low frequencies obtained in ad- 
justing to zero beat. A Western Electric type 560 AW cone loud- 
speaker is used with the receiver. 

An output coil from the 10-ke oscillator is coupled to the input 
of the first radio-frequency tube in the receiver so that when the an- 


Fig. 1—View of Measurement Apparatus Employed for Checking 
the Operating Frequency of Broadcast Stations. 


tenna is disconnected from the receiver the station signal may be re- 
placed by the standard signal of known frequency. The receiver is 
shown at the extreme right of Fig. 1. 


Tue VisvAr BEAT INDICATOR 


The plate circuit of the detector tube of the receiver is coupled 
by means of an air core auto transformer to the visual beat indi- 
cator, which consists of an ammeter having a full scale reading of 
one milliampere, in series with an adjustable crystal detector and 
switch connected across the winding of the auto transformer. The 
visual beat indicator and coupling coil are shown at the right of Fig. 
2, and also Fig. 3. 
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THE AUXILIARY GENERATOR 


The auxiliary generator used is the type O designed by the Bureau 
of Standards and operates with a UX201A tube as an oscillator in 
a conventional circuit. Plate current is supplied by a 100-volt storage 
battery and the filament is heated by a six-volt storage battery. 
Plug-in coils are provided for quick changes in frequency range. A 
slow motion dial and a long bakelite rod permit accurate adjustment 
of the oscillator frequency without disturbing capacity effects. Suf- 
ficient energy is developed at all frequencies in the broadeast band 
employing a UX201A tube as oscillator to actuate the frequency 


Fig. 2—Auxiliary Generator with Plug-In Coils; 
Visual Beat Indicator. 


meter with a coupling of more than three feet, and sufficient energy 
at all broadcast frequencies is obtained in the receiver so that no 
coupling coil is necessary to feed energy from the auxiliary genera- 
tor to the receiver. Each plug-in coil of the auxiliary generator has & 
calibration curve secured on its side which assists in identifying dial 
settings. The auxiliary generator and plug-in coils are shown in Fig. 
2 and Fig. 7. 
THE 10-xc OSCILLATOR 
The 10-ke oscillator is of the multivibrator type? consisting of 


two UX201A tubes arranged in a push-pull circuit, the frequency of 
which is determined by the resistances and capacities used. In order 


? J. K. Clapp, "Universal Frequency Standardization from a Single Fre- 
quency Standard,” Jour. Opt. Soc. Amer. and Rev. Scien. Instr., 15, 33; July 
1927. 
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TABLE I 
CALIBRATION OF Frequency METER wiTH 90 uh Coin 


| Frequency 
Frequency 10-ke Oscillator | Oscillator; Freguercy Meter ke per 
of Oscillator No. Settings oil Meter Condenser | Degree 
Channel| Harmonic Setting PositioU 
550 550.24 55 | 106.0 3 121.7 A 1.10 
560 560.25 56 100.0 3 130.7 A 1.12 
570 570.25 57 96.5 3 139.3 A 1.10 
580 580.26 58 93.0 3 147.9 | A 1.17 
590 590.26 59 90.0 3 156.4 A 1.12 
600 600.27 60 87.0 3 164.8 A 1.23 
610 610.27 61 84.0 3 172-7 A 1.26 
620 620.28 62 81.5 3 0.7 B 1:27 
630 630.28 63 79.0 3 8.4 B 1.29 
640 640.28 64 76.5 3 16.2 B 1.31 
650 650.29 65 74.0 3 23.7 B 1.34 
660 660.29 66 71.5 3 31.1 B 1.36 
670 670.30 67 69.5 3 38.4 B 1.39 
680 680.30 68 67.0 3 45.5 p 1.40 
690 690.31 69 65.0 3 52.7 B 1.42 
700 700.31 70 63.0 3 59.6 B 1.44 
710 710.32 71 61.5 3 66.6 B 1.46 
720 720.32 72 59.5 3 19.8 n 1.48 
730 730.32 7 58.0 3 80.1 B 1.50 
740 740.33 74 56.5 3 86.5 B 1.54 
750 750.33 75 55.0 3 93.1 n 1.56 
760 760.34 76 53.5 3 99.4 B 1.59 
770 770.34 7 52.0 3 105.7 B 1.61 
780 780.35 78 50.5 3 111.3 B 1.61 
790 790.35 79 49.0 3 118.1 n 1.61 
800 800.36 80 48.0 3 124.2 B 1.65 
810 510.36 81 46.5 3 130.2 p 1.67 
820 820.36 82 45.5 3 136.2 B 1.71 
830 830.37 83 44.0 3 141.9 B 175 
840.37 43.0 3 147.5 B 1.72 
850 850.38 85 42.0 3 153.5 B 1.72 
860 860.38 86 41.0 3 159.1 p 1.80 
870 70.39 87 410.0 3 161.6 n 1.85 
880 880.39 88 39.0 3 169.9 p 1.83 
890 890.40 89 38.0 3 175.5 B 1.83 
9 900.40 90 37.0 3 0.8 C 1.94 
910 910.40 91 36.5 3 5.8 C 1.92 
920 920.41 92 35.5 3 11.2 C 1.92 
930 930.41 93 34.5 3 16.2 C 1.98 
940 940.42 94 34.0 3 21.3 C 1.96 
95 950.42 95 33.0 3 26.4 C 2.00 
960 960.43 96 32.5 3 31.3 C 2.02 
970 970.43 7 31.7 3 36.3 C 2.04 
980 980.44 98 31.0 3 41.1 C 2.08 
990 990.44 99 30.0 3 45.9 C 2.11 
1000 1000.44 100 29.5 3 50.5 C 2.11 
1010 1010.45 101 29.0 3 55.4 | [6] 2.11 
1020 1020.45 102 28.5 3 60.0 C 2.15 
1030 1030.46 103 27.5 3 64.7 [6] 2-11 
1040 1010.46 | 101 2.2 3 69.5 C 2.16 
1050 1050.47 105 26.5 3 73.95 C 2.17 
1060 1060.47 106 26.2 3 78 7 C 2.16 
1070 1070.48 107 25.7 3 83.2 [6] 2.22 
1080 1080.48 108 25. 3 87.7 C 2.20 


to maintain the frequency of the multivibrator exactly, the output 
of a 90-ke piezo-crystal oscillator is coupled to the multivibrator, as 
indicated in Fig. 3, so that the 90-kc crystal controls the ninth har- 
monie of the multivibrator, thus maintaining the fundamental of 
the multivibrator at exactly 10 ke. This is very easily accomplished 
since the multivibrator is fundamentally a very unstable oscillator 
and will respond readily to crystal control. Once adjusted, no further 
adjustment of the multivibrator is necessary. The multivibrator 
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circuit is very rich in harmonics and from the 10-ke fundamental we 
have readily identified all harmonies lying within the broadcast 
band, that is, from the 55th to the 150th. 

The frequency of the ninth harmonic of the mulivibrator is known 
with the same accuracy as the frequency of the 90-ke crystal, which 
in this case is better than one part in 10,000 (Bureau of Standards 
calibration) at a temperature of 29.2 deg. C. A thermostat is employed 
to maintain the temperature of the crystal within two-tenths of one 
degree of 29.2 deg. C thus reducing the change in frequency due to 
temperature variations to a negligible quantity. 

The circuit in which the 90-ke crystal oscillates is a Bureau of 
Standards type piezo-crystal oscillator employing a UX201A tube 
utilizing 80 volts of storage battery for plate supply and a 6-volt 


RECEIVING 
SET 


Fig. 3—Circuit Diagram of Crystal-Controlled 10-ke Oscillator. 


storage battery for filament heating. A two-step audio-frequency 
amplifier is coupled in the plate circuit of the piezo-crystal oscillator 
for observing and checking the adjustment of the multivibrator. 
The adjustment of the 10-ke oscillator is checked by noting the 
number of intermediate points at which beats are heard with the 
multivibrator in operation, lying between two successive beats from 
the crystal oscillator alone, beating with the auxiliary generator, 
which are separated by the fundamental frequency of the crystal 
oscillator, in this case 90 ke. For example, beats are obtained between 
the 90-ke crystal oscillator and the auxiliary generator with the 
auxiliary generator set at 540 ke and at 630 ke. If the multivibrator 
is now placed in operation and eight intermediate beat notes are 
obtained between 540 ke and 630 ke with the ninth point coinciding 
with the crystal point, it is then apparent that the 90-ke interval be- 
tween 540 ke and 630 ke has been divided into nine equal parts, hence 
the beats are ten ke apart and must originate from a 10-ke funda- 
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mental. If there are nine intermediates from the multivibrator, then 
the fundamental frequency is 90/10, or 9 ke. Fractional harmonics 
are disregarded throughout. J. K. Clapp describes in detail the 
method of checking the adjustment of the multivibrator in the paper 
to which we have already referred. 

In actual practice, the 90-ke crystal-controlled 10-ke oscillator 
functions in a manner similar to that of a crystal oscillator provided 
with a crystal ground for 10 ke. The method is superior to utilizing 
. the fractional harmonics of the 90-ke erystal oscillator directly, as 
these fractional harmonics vary greatly in strength and are not spaced 
10 ke apart. The multivibrator could be controlled at 10 ke by means 


Fig. 4—90-ke Crystal Oscillator with Temperature Control 
Crystal Chamber and 10-ke Oscillator. 


of other crystals which are exact multiples of ten merely controlling a 
different harmonic of the multivibrator; for example, a 150-ke crystal 
can be made to control the 15th harmonic of the 10-ke oscillator. A 
device of this kind might be of use in the calibration of broadcast 
receivers for the various channels. Fig. 4 shows the 10-ke oscillator 
at the right, and next to it the heat controlled chamber for the piezo 
crystal which operates in the oscillator at the left. The coupling coil 
of the 10-ke oscillator is seen at the left coupled closely to the coil of 
the crystal oscillator, and the output coil which feeds harmonics to 
the receiver is in front of the 10-ke oscillator at the right. 


THE FREQUENCY METER 


The frequency meter consists of two coils, of 90 uh and 30 uh 
inductance, respectively, either of which may be connected across 
the variable condenser which has a maximum capacity of 1000 uf. 


Bogardus and Manning: Measurements of Broadcasting Frequencies 1233 


The coils are wound with litzendraht wire (composed of 96 strands 
of No. 38 wire) spaced on 6-in. Pyrex forms with a diameter to length 
ratio of 2 to 1, which is nearly the ideal ratio for maximum inductance 
with a given length of wire. The wire is secured to the form with pure 
varnish applied to the under side of the wire while winding. Coils 
wound in this manner do not loosen as a result of temperature changes. 
With coils of this type as shown by E. L. Hall of the Bureau of Stan- 
dards, it is possible to detect a change of 30 cycles at a frequency of 
1000 ke. The resonance indicator consists of a microammeter in 
series with a crystal detector coupled to the condenser by means of 
a coil and an aluminum plate. A combination of capacity and in- 
ductive coupling is employed to give uniform response over the fre- 
quency range of the meter. The microammeter has a maximum 
scale reading of 200 microamperes and will show full scale deflection 
when the frequency meter is coupled to the coil in the auxiliary gen- 
erator at a distance of three feet. A six to one geared vernier dial ex- 
pands the condenser scale and reduces the kilocycles per degree 
to permit accurate reading of the dial settings. The resonance peaks 
on the frequency meter are so pronounced that settings may be dup- 
licated to 0.05 of one degree on the condenser vernier dial. The fre- 
quency meter is shielded and grounded and adjusted by means of 
a long bakelite rod to climinate entirely the effect of body capacity. 
We have found that the microammeter connected to the frequency 
meter, as shown in Fig. 6, produces much sharper resonance indica- 
tions than can be obtained with a milliammeter connected in the 
grid circuit of the auxiliary generator (the latter method of indica- 
cating resonance commonly known as the “grid dip” method). 

As a result of the loose coupling enployed, the change in frequency 
produced in the auxiliary generator when the frequency meter is 
brought into resonance is less than one cycle per second at the lower 
frequencies in the broadcast band, and at the higher frequencies 
does not exceed five cycles per second. With such small frequency 
change, it is impracticable to employ the method*$ of noting the point 
of zero reaction between the two detuning points when the frequency 
meter is resonated with the auxiliary generator, since the latter 


3 E. L. Hall, Technological Papers of the Bureau of Standards, ho. 330, 
page 118. 
* M. S. Strock, Scientific Papers of the Bureau of Standards, No. 502, 
page 116. 

* C. B. Aiken, “A Precision Method for the Measurement of High Fre- 
quencies," Proc. I.R.E., 16, 126; February, 1928. 

* August Hund, “Uses and Possibilities of Piezo-electric Oscillators,” 
Proc. I.R.E., 14, 461 (footnote); August, 1926. 
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method of indicating resonance is inoperative without considerable 
reaction between the two circuits. Fig. 5 shows the frequency meter, 
and Table I lists the approximate settings of the frequency meter 
for the broadcasting frequencies between 550 and 1100 ke. The last 
column of Table I indicates the kilocycles per degree on the 
condenser dial of the frequency meter for each broadcast channel. 


ea. 


Fig. 5—Frequency Meter. 


Fig. 6 shows the circuit used in the frequency meter, while Fig. 
8 indicates the shape of the calibration curve of the frequency meter. 
Fig. 9 shows resonance curves of the frequency meter using the 30- 
uh and 90-uh coils, respectively. 


I" 


Fig. 6—Cireuit Diagram of Frequency Meter. 


PRACTICAL OPERATION AND RESULTS OBTAINED 


In the outline of method given above, we have indicated the pro- 
cedure followed in making a measurement of the operating frequency 
of a broadcast station. It will be noted from a study of Table I that 
the kilocycles per degree on the frequency meter condenser scale 
range from 2.20 kc per degree at 1080 ke to 1.10 ke per degree at 
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550 ke, which indicates that the calibration curve of frequency plot- 
ted against condenser degrees is not quite a straight line for the type 
of condenser used. However, unless the frequency of the station un- 
der measurement is actually one or more ke removed from the as- 
signed frequency, the "station setting" on the frequency meter will 
differ from the “crystal setting" by a matter of only a few tenths of 
one degree of the condenser scale. For this extremely small portion 
of its length, the calibration curve of the frequency meter may be 
assumed to be a straight line, and in fact, since the ‘‘station setting" 
can never be more than 5 ke from some ‘‘crystal point" (the 10-ke 
oscillator furnishes harmonies at 10-ke intervals), the error intro- 
duced by assuming the eurve to be a straight line, does not, under 
any condition of use, reach a value as great as 25 cycles. The possible 


Fig. 7— Circuit Diagram of Auxiliary Generator. 


error from this source is reduced as the "station setting" approaches 
the “crystal setting". 

Curve I of Fig. 8 shows the portion of the calibration curve for 
the 90-uh coil of the frequency meter between 690 ke and 830 ke, 
and curve II of Fig. 8 shows the portion of the calibration curve of 
the 30-uh coil of the frequency meter between 1300 and 1450 ke. 
Using the 30-uh coil of the frequency meter between 1100 and 1500 
ke, it is found that the kilocycles per degree range from 2.20 ke per 
degree at 1100 ke to 3.13 ke per degree at 1500 ke. The kilocycles 
per degree, using the 30-uh coil, are therefore slightly greater on the 
higher frequencies than the kilocycles per degree on the 90-uh coil 
using the latter coil for the lower frequencies in the broadeast band. 

It is therefore an advantage to measure the frequencies of the 
broadcasting stations in the region of 1500 kc by employing the second 
harmonie of the auxiliary generator, rather than the fundamental 
frequency. For example, a 1500-ke station could be more accurately 
measured by adjusting the auxiliary generator to 750 ke. The dif- 
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ficulties inherent in the usual methods of obtaining zero beat adjust- 
ments have been overcome by the combination aural and visual beat 
method employed, which utilizes a large cone loud speaker for follow- 
ing the beat note down to the point where the visual beat indicator 
commences to function, which is in the neighborhood of 15 cycles. 
From this point to actual synchronism, the visual beat indicator 


Fig. 8—Frequency Meter Calibration Curve. 


produces visual indications of the beat frequency. The visual beat 
indicator has been successfully employed in resonating the auxiliary 
generator with the carrier frequencies of many of the more stable car- 
riers of stations in the Second Radio District, and in fact, visual beats 
have been obtained on stations located as far distant as Denver, 
Colorado. In resonating the auxiliary generator with the harmonies 
of the 10-ke oscillator, the visual beat indicator is again utilized. 

On account of interference conditions in the vicinity of the Sub- 
treasury Building, measurements of the operating frequencies of 
broadeast stations are not regularly commenced until after 4:00 
P.M., and from that time until approximately midnight it is customary 
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TABLE II 
Typican Log or MEASURE 


MENTS 


DEPARTMENT OF COMMERCE 


Room Temp. Radio Division Borometer 
74 deg., 5 P.M. New York City 29.96, 5 P.M. 
Weather 
Clear, light Zero Beat Measurements Zone No. 1 
N. W. wind Thursday, September 20th, 1928. Dist. No. 2 
: | ; c High Operating Assigned 
Station*, Time Deviation Ow Frequency | Frequency Remarks 
1 2:20 p.m 0.1 High | 610.1 610 Visual beats 
2 233 * 0.0 — 660.0 660 Visual beats O.K. 
3 a5 2 0.3 Low 1019.7 102 Carrier slightly unsteady 
4 B4 * 0.0 — 760.0 1 Slight swinging 
5 3:58 * Carrier too unsteady to be measured 
6 4:20 e 259 w 1217.8 1220 Fluttery carrier 
T 4:47 “ 0.1 Low 1119.9 1120 
8 5:52 ¢ 1.9 High 1501.9 1500 Swinging 
9 5:55 = Station not on the air as advertised in program for this date 
10 5:57 * 0.2 | w 1369.8 1370 Swinging 
11 ao = 0.8 High 1170.8 117 Swinging 
12 6:19 * 0.5 High 860.5 860 Slight swinging 
13 6:28 * 0.9 Ow 809.1 810 Visual beats 
14 6:32 “ 0.3 High 920.3 920 Visual beats 
15 6:37 * 0.2 Low 969.8 970 Heterodyne 
16 6:43 * 4.9 High 1474.9 1470 
7 6:53 “ 0.1 Low 1499.9 1500 Heterodyne 
18 6:57 * 0.2 Low 1119.8 1120 Carrier swinging 
19 7:03 * 0.2 High 1220.2 1220 Carrier swinging 
20 euo. * 0.8 Low 1369.2 1370 
21 7:15 * 0.2 Low 1409.8 1419 Heterodyne 
22 7:19 * 0.2 High 1270.2 1270 
23 2:25 * 0.0 — | 1250.0 1250 Heterodyne 
24 7:30 * 0.1 High 1320.1 1320 Very bad generator hum 
25 7:41 “ 0.1 High 1470.1 1470 | Bad QRM from CW tele- 
graph station 
26 TAF :* 0.3 Higb 1170.3 1170 Visual beata 
27 7552.2 0.2 High 710.2 710 Visual beats 
28 8:00 * 0.0 — 660.0 660 Visual beata O.K., 
29 8:03 " 0.1 High 610.1 610 Visual beats 
30 8:07 * 0.0 — 570.0 70 Visual beats O.K. 
31 8:17 * 0.0 — 760.0 T Visual beats; heterodyne 
32 8:22 * 0.1 Low 809.9 810 Visual beata 
33 8:31 * 0.2 Low 789.8 790 Visual beats 
34 840 * 0.4 High 1500.4 1500 Heterodyne 
35 8:46 “ 0.0 — 1370.0 1370 Heterodyne; fading badly 
36 8:54 “ 0.8 Low 1389.2 1390 Heterodyne; fading 
7 9:18 “ 0.5 Low 1269.5 1279 Heterodyne 
38 Ea * 0.4 Low 1019.6 102) Heterodyne very strong 
ading 
39 10:8 * 0.2 Low 1119.8 1120 Two bad heterodynes; bad 
hum on station 
40 10:27 0:2. | Low | 1319.8 1320 Bad heterodyne; fading 
41 11:05 * Station not on the air as specified in station application 


*Numbers have been substituted for the actual call letters of stations. 


to log about 35 Second District stations, and from 5 to 20 stations out- 
side the. district, depending upon prevailing receiving conditions. 
The sample log sheet (Table II) for September 20, 1928 is typical 
of measurements made three times weekly of the operating frequen- 
cies of stations in the Second Radio District. Stations found to be 
deviating (more than 500 cycles) are immediately notified by letter of 
their deviations, and subsequently checked to ascertain whether 
such deviations have been corrected. 
A study of Table II indicates that the carriers of many stations 
are unstable, preventing accurate zero beat adjustment, and there- 
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fore the frequencies cannot be accurately determined. In other 
cases it will be noted from the “Remarks” column that visual beats 
have been obtained on both the carrier wave of the station and the 
harmonic from which the frequency of that particular station was 
determined. Where two or more stations are operating simultan- 
eously on nearly the same frequency, heterodyne beat notes occur 
which may seriously interfere with the adjustment of the auxiliary 
generator to resonance with the carrier it is desired to measure. In 
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Fig. 9—Resonance Curves of Frequency Meter at 600 ke and 1200 ke. 


such cases, no measurement is made unless the carrier can be identi- 
fied and the desired signal separated from other stations. 

It will be noted from Table I that the frequencies of the harmonics 
obtained from the 10-ke oscillator do not fall exactly on the channels 
assigned to broadcasting stations. This is due to the fact that the 
quartz crystal which controls the multivibrator has a fundamental 
frequency slightly in excess of 90 ke. 

The fact that the 10-ke crystal harmonie points do not exactly 
coincide with the assigned frequencies does not in any way affect the 
procedure, nor the accuracy of the results obtained, provided the 
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actual frequency of the harmonies is known with accuracy. While 
the system, as at present employed, uses a frequency meter to inter- 
polate between the calibrating point and the station setting on the 
frequency meter, it is planned to use a calibrated audio-frequency 
oscillator to measure the beat note obtained when the signal to be 
measured is beating with the appropriate harmonic of the 10-ke os- 
cillator. 

As indicated in our early paragraphs, the problem was to de- 
vise quickly, with the apparatus then available, an accurate method 
of checking broadcasting stations on their assigned frequencies. The 
results obtained with theapparatus described have proved the method 
of comparison with the harmonies of a 10-ke source to be vastly 
superior to the previous method of measurement using a wavemeter. 
The results of simultaneous measurements by the use of the equip- 
ment described and several laboratories equipped to make frequency 
measurements with precision have indicated in most cases an agree- 
ment within 100 cycles. 

In closing this paper, the authors wish to express their apprecia- 
tion of the assistance rendered by the Radio Division of the Bureau 
of Standards, and particularly to E. L. Hall of that organization, 
who made several calibrations of the piezo-crystal oscillator used in 
connection with the apparatus described. 
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EAST-WEST AND NORTH-SOUTH ATTENUATIONS OF LONG 
RADIO WAVES ON THE PACIFIC* 


By 
Erraro YokovAMA AND Tomozo NAKAI 


(Electrotechnical Laboratory, Ministry of Communications, Tokyo, Japan) 


Summary—A comparative study of low-frequency signals of high power 
stations in the Pacific area has been made, with particular reference to relative at- 
tenuation in north and south directions as compared with atienuations in east and 
west directions. A comparison of observed field strengths in microvolis per meter with 
the results calculated by various proposed formulas has been made. While the 
agreement is none too good with any of the formulas, the results indicate that east and 
west attenuation is decidedly greater than norih and south during the daylight hours 
in the fairly high latitudes. They also indicate that <n comparing observed results 
with different transmission formulas due account must be taken of the type of experi- 
ments upon which the formulas in question were based. It is suggested that by the 
inclusion of terms in the formulas, depending upon both direction and latitude, it 
might be possible to construct or modify some of the exist:ng formulas to fit the general 
case. 


T has been theoretically shown by Nagaoka,! Piekard,? Appleton; 
and Nichols and Schelleng,‘ that the east-west attenuation of radio 
waves ought to be greater than the north-south attenuation. Naga- 
oka and Pickard dealt with the problem by discussing the ionized 
state in the upper atmosphere, whereas Appleton, and Nichols and 
Schelleng attributed it to the effect of the terrestrial magnetism. How- 
ever, as very little quantitative experimental information has been 
heretofore given to verify the above-mentioned theories, the results 
recently obtained by the authors will be given in the present paper. 
Throughout the entire year of 1927, the measurements were made 
at a station near Tokyo at certain specified times of a day on the field 
intensities of radio signals received from several long-distance, long- 


* Dewey decimal classification: R113. Original manuscript received by the 
Institute, March 2, 1929. 

t Nagaoka, “On the propagation of electric waves on the earth’s surface 
and the papse layer of the atmosphere," Proc. Tokyo Math. Phys. Soc., p. 
403, 1914. 

2G. W. Pickard, “Static elimination by directional reception," Proc. 
I. R. E., 8, 355; October, 1920. 

3 E. V. Appleton, “Geophysical influences on the transmission of wireless 
waves." The Phys. Soc. of London, and Royal Meteorological Society, a dis- 
cussion on “Jonization in the atmosphere and its influence on the propagation 
of wireless signals." 16D, Nov. 28, 1924. 

* H. W. Nichols and J. C. Schelleng,S4Propagation of electric waves over 
the earth," Bell Sys. Tech. Jour. 4, 215, 1925. 
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wave, high power stations. The method of measurement and results 
obtained by it were already published.’ Among the observed stations 
were included Bolinas, Kahuku, Malabar, Palao and Saigon, which 
are compared in this paper. 
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Fig. 1—Monthly Average Variations of Field Intensities, Bolinas. 


As shown in Table I, Bolinas and Kahuku are situated nearly to 
the east, and Palao nearly to the south, while Malabar and Saigon 
are located almost to the southwest of the receiving station. 


TABLE I 
Observed Direction* | Great Circle Percentage of the Sea 
Station | (deg) Distance (km) | on the Path. 
Bolinas 899 7’ | 8,145 100 
Kahuku 103 43 | 6,095 190 
Malabar 217 46 5,920 75 
Palao 191 13 3,280 | 96 


Saigon | 233 39 4,340 90 


* Measured clockwise from the true north. 


According to the theory advanced by Nichols®, the greater attenu- 
ation of waves in the direction of east and west is due to that of a com- 
ponent of electric vector of the waves parallel to the terrestrial mag- 
netic field, the waves being considered as composed of electric vec- 
tors parallel and perpendicular to the earth's magnetic field. "The 
amount of the east and west attenuation thus depends on the inclina- 
tion of the earth's magnetic field in a particular locality considered; 
that is, at a place where the magnetic inclination is small, the attenua- 
tion will not be great even in the direction of east and west. There- 
fore, there will be no appreciable difference between the attenuation 
in the direction of east and west and that of north and south. From 

5 T. Nakai, “Long distance radio receiving measurements." Researches of 
the Electrotech. Lab., No. 217, 1927. E. Yokoyama and T. Nakai: “The meas- 
urements of the field intensities of some high-power long-distance radio stations." 
Researches of the Electrotech. Lab., No. 229, June, 1928; No. 233, July, 1928; 


No. 238, Sept., 1928. 
5 Same reference as in 4. 
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the above reasoning, it follows that the southwest propagation either 
from Malabar or Saigon where the magnetic inclination is small, can 
be considered to be of the nature of north and south propagation as 
that from Palao. 

As shown in Table I, the great circles passing through the receiv- 
ing point and the observed stations do not cross a large extent of land 
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Fig. 2— Monthly Average Variations of Field Intensities, Kahuku. 


which is apt to complicate the attenuation of waves, but lie almost 
entirelyover the sea. Under such relative positionsof stations, the trans- 
mission in the direction of east and west may be satisfactorily compared 
with that in the direction of north and south. 

In Table II are given the wavelengths, radiation heights of antennas 
and antenna currents of the stations as well as times of measurements 
which were all chosen so that both transmitting and receiving stations 


are in daylight. 
TABLE II 


Observed Wave- | Rad. Height) Ant. | ; M 
Station | length of Antenna | Current | — Tirte, of eusurenient 
ie (m) (m) | (a) I GMT | i TTS | JCST 

Holinas 13.100 51 650 2210 2. 40 P.M. 7.40 A.M. 
Kahuku 16,975 80 | 400 0300 | 4.30 p.m 0.00 p.m. 
Malabar 15.600 | 380 A $90 | O10 | 8.00am. f 10.00 x. 
Palao 10,000 65 120 0220 11.20 A.M. 11.20 4.« 
Saigon ^ 16.050 145 | 420 | 2330 6.30 a.m. 8.30 A.M 
Saigon B 20,800 145 600 0540 0.40 rm 2.40 rm. 

A3 r Are 

M... Machine 

LTTS. . .Local times of transmitting stations 

JCS'T .. Japanese Central Standard Time 


Monthly averages (5 to 9 points for each month) of the field inten- 
sities for the stations are plotted in Fig. 1 to Fig. 6, and their annual 
averages are given in column (1) of Table III. These data are roughly 
corrected to the day-time averages_as shown in column (II) by using 
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data of some 24-hour observations made throughout the whele year. 

For comparison of the observed and calculated values, Eckersley’s’, 
Espenschied's?, and Austin’s? new transmission formulas are selected 
as the most suitable, on account of the similarity in wavelengths and 


SIGNAL INTENSITY (G¥/m) 


Fig. 3—Monthly Average Variations of Field Intensities, Malabar. 


distances. Eckersley’s is based on a series of tests which were carried 
out in day-time between a ship,and European and American high power 
stations during the voyage from England to New Zealand via New- 
port and Panama. On the voyage, the Pacific route was in the south- 
westerly direction and had little land intervening, which resembles 
the writers’ experiments with Saigon and Malabar. 


Kou i ek es as 
^ V fid? sin 6 va 

eR EH 
| 10.000 | 1,150 | 

13.100 700 | 

15.600 | 520 | R =radius of earth. 

16.050 500 

16.975 450 | 

20.800 | 400 | 

$977 eign CX, c: 005d 


ans quidc 5 
Ad sin ð 41.25 
hl 7 @  —0.0014d 
14m 37? X10 LJ —— 9 e 
Ad sin 0 0:6 
In the above equations, ^, ^, d, d^, R are in km; / in amperes, e in uv per 
meter; 8 in radians. 
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Espenschied’s is based on over-sea tests, nearly in the direction of 
east and west, made between England and the United States, the con- 
dition of which corresponds to the writers’ experiments with Bolinas 
and Kahuku. Austin’s new formula is based on the results obtained by 
various experimenters, and the analysis of various conditions is, accord- 
ingly, very difficult. The values calculated by the above-mentiond three 
formulas are given in column (III) of Table III, and the ratios of the 
calculated and the corrected observed values in column (IV) of the 
same table. Furthermore, the values calculated by Hertz's formula’? 
and their ratios are also included in the table. 
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Fig. 4—Monthly Average Variations of Field Intensities, Palao. 


As seen in Table III, the observed values for Bolinas and Kahuku 
are fairly close to those calculated by Espenschied’s, whereas the values 
for Saigon and Palao are widely different. The calculated values for 
Malabar have been found by using the published figure, 380 meters, 
as its radiation height. The station uses the so-called “mountain an- 
tenna” and its radiation height is said to be that high. The antenna 
is, however, doubtful as to efficiency, at least towards Japan, because 
of the probable shadow effect of the mountain by which it is supported 
and of its poor radiation to that direction.!! The station is, therefore, 
excluded from the present comparison. On the other hand, the observed 
values for Palao and Saigon are fairly close to those calculated by 


106—377 X10 AT Ad. 
u C, W. Doetsch, “Die Grosstation Malabar-Radio auf Java,” Telefunken- 
Zeitung, Nr. 40/41, S. 14, Okt., 1925. 
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Eckersley whereas the values for Bolinas and Kahuku are widely 


different. 


The coincidence in the observed and calculated values of field inten- 
sities seems thus to depend upon the direction of the transmissions 
on which the formula is based. This indicates that the attenuation of 
radio waves in fairly high latitudes is governed by the direction of 
their propagation. Taking this into account, it appears advisable, for 
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Fig. 5—Monthly Average Variations of Field Intensities, Saigon (A). 


obtaining a more suitable formula, to take into consideration and intro- 
duce a factor depending on both direction and latitude. 


TABLE III 
Observed | — (D an (ll) av 7 
Station P Gore poem uvím : Ratio of correc. obs. and calc. 
wim | Avene | Hers | Eee” [ieie | New’ [merie [ecken. | Repon: | ausin N, 
Bolinas a | 22 |m | 54 ERE u | 0. 19 | oai | 0.85 | 2.00 
Kahuku | — 93 s | 175 | ro | z | 40 0.83 | 0.88 | 1.19 | 2.32 
Mahbari| M7 | MT | T5 | 674 | 322 | 170 | 0.19| 0.22 | 0.46 EX 
Malabar M| — 129 n9 | saz | si | 225 | 119 | oz] 0.27 | 0.87 | 1.07 
Pho | 7 | v0 | 9 | s | 36 | 20 | 0.78 | rz | 1.95 | 2.42 
Saigona | 333 | 438 | 330 | 360 | 174 | 109 | 1.93] 1.22 | 2.82 & 4.02 
SaigonB | 582 | 493 | 363 | 502 | 231 | "m EE 0.98 | 214 | 3.0 — 


It is also noticeable from Table III that the observed values for 
Saigon and Palao are nearly twice as large as those calculated by Es- 
penschied, and those for Bolinas and Kahuku are nearly half as small 
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as the values calculated by Eckersley. This seems to indicate that 
north and south propagation of long waves goes on with less attenua- 
tion than east and west in rather high latitudes. 

The values calculated by Austin’s new formula approach all the 
observed values, but remain far less. As mentioned above, this is 
probably due to the complexity of conditions in the experiments on 
which the formula is based. 

It is also interesting to note that the observed values in Saigon ex- 
periment exceed the values calculated by Hertz. 
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Fig. 6—Monthly Average Variations of Field Intensities, Saigon (B). 


In the experiment? on which Eckersley's formula is based, attenu- 
ation of waves was greater at the positions of the ship between Eng- 
land and Newport than between Newport and New Zealand. Taking 
into consideration that the former course was in an east-west and the 
latter in a north-south or south-west direction this may be taken as 
an evidence of the difference in east-west and north-south wave prop- 
agations. 

In addition to those, for the night transmission of radio signals at 
short and broadcasting wavelengths, many experimental results have 
also been obtained in Japan showing that signals in north and south 
directions are stronger than those from east or west, but it has not 
yet been confirmed. quantitatively. 

The conclusions arrived at are as follows: 


2H. J. Round, T. L. Eckersley, K. Tremellen, and F. C. Lunnon: “Report 
on measurements made on signal strength at great distance during 1922 and 
1923 by an expedition sent to Australia,” Jour. I. E. E., 63, 933, No. 346, 
October, 1925. 
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1. East-west attenuation is decidedly greater than north-south 
attenuation in long-wave daylight propagation in fairly high lati- 
tudes, the former being about twice as large as the latter. 

2. Observed values of long-wave day-time field intensities can be 
estimated only by a transmission formula which is based on experi- 
ments carried out under similar conditions. 

3. In order to construct a transmission formula which is universal- 
ly applicable, an additional factor, depending on both direction and 
latitude, must be introduced. 
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BOOK REVIEW 


Matter, Electricity, Energy; the Principles of Modern Atomistics and 
Experimental Results of Atomic Investigations, by WALTER GERLACH; 
translated from the second German edition by Franeis J. Fuchs, New York, 
D. Van Nostrand Company, 1928, Pp. xii +427, 119 illustrations, 63 <9, 
cloth, $6.00. 


It is much to be regretted that so few scientists on this side of the Atlantic 
who are doing creative work in their several fields are willing to spend the 
necessary time and energy for popular or semi-popular writing. In this respect 
both the English and Germans are leading us by at least 45°. The book before us 
is a good example of semi-popular science in Germany, written by a prominent 
contributor to contemporary advancein physics. It covers the domain of modern 
physics down to 1923 very thoroughly, and for that reason cannot treat any one 
branch of the subject in sufficient detail to meet the needs of those who are 
especially engaged in “atomism.” Nevertheless, engineers, chemists, and other 
workers in allied fields will find the book a rich storehouse of information on 
what is doing in modern physics. Unfortunately the development of the new 
mechanics took place after the book was written. Asa rule each chapter may be 
read independently of the rest. 

Among the thirty chapters the following are likely to be of most interest 
to readers of this journal: General Atomistics, The Specific Charge of the 
Electron, The Magnetron, Super-Conductivity, Spectral Emissions and the 
Periodic System of Elements, Resonance and Dispersion, the Compton Effect, 
The Extension of Our Knowledge of the Electromagnetic Spectra, The Photo- 
electric Effect, Practical Applications of the Photoelectric Effect, Infra Red 
Frequencies of Chemical Radicals in Crystals, Structure Analysis by Means of 
X-rays, Electron-Affinity, and Radiation Measurements. 

There is also a good account of the quantum theory and of the work of 
Gerlach and Stern on the magnetic moments of atoms. 

The reader who hopes to find in the chapter on “Practical Applications of 
the Photoelectric Effect” an account of the use of the photoelectric cell in picture 
transmission, television, etc., will be disappointed, as the only applications 
mentioned have to do with laboratory measurements. 

The task of translating has in the main been well performed, although the 
translator’s apparent unfamiliarity with technical terms sometimes makes the 
book savor more of the dictionary than of the laboratory. Thus we find, in 
reading of the vacuum-tube amplifier for photoelectric cells, the plate current 
referred to as the “anode stream,” and the grid as a “grating electrode.” 

In the last chapter on “Atomism and Macrocosmos” a brief account is 
given of the atomic theory as applied to the stars. The recent speculations of 
Eddington and Jeans are not, however, included. A few misprints occur, 
especially on page 318. 

W. G. Capv* 


* Dept, of Physics, Wesleyan University, Middletown, Conn. 
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MONTHLY LIST OF REFERENCES TO CURRENT 
RADIO LITERATURE 


{HIS is a monthly list of references prepared by the Bureau of 


Standards and is intended to cover the more important papers 
of interest to professional radio engineers which have recently 


appeared in periodicals, books, etc. The number at the left of each 
reference classifies the reference by subject, in accordance with the 
scheme presented in “A Decimal Classification of Radio Subjects— 
An Extension of the Dewey System,” Bureau of Standards Circular 
No. 138, a copy of which may be obtained for 10 cents from the Super- 
intendent of Documents, Government Printing Office, Washington, 
D. C. The various articles listed below are not obtainable from the 
Government. The various periodicals can be secured from their pub- 
lishers and can be consulted at large public libraries. 
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R100. RADIO PRINCIPLES 


Kruger, K. and Plendl, H. Ueber die Ausbreitung der kurzen Wellen 
bei kleiner Leistung im 1000 Kilometer-Bereich. (On the propagation 
of short waves with low power in the 1000 km range.) Zeits. fur 
Hochfrequenztechnik, 33, pp. 85-92; March, 1929. 


(Continuous communication on a frequency of 6000 ke between ground and plane over 
distances up to 600 km using a two-watt piezo-controlled transmitter with battery power 
was shown to be practical. Detailed description of experiments and explanation of re- 
sults are given.) 


Kenrick, G. W. and Jen, C. K. Measurements of the height of the 
Kennelly-Heaviside layer. Proc. I. R. E., 17 pp. 711-733; April, 
1929. 


(Further contribution to the Kennelly-Heaviside layer problem is offered in the form 
of experimental data showing evidence of the diurnal cycles in layer height and a mathe- 
matical discussion of methods for the interpretation of group time and phase retardation 
pl ie aman with the view of determining the relationship between “virtual” and “true” 

eights. 


Dearlove, F. Radio frequency phenomena associated with the 
Aurora Borealis. Experimental Wireless and Wireless Engr. (London), 
6, pp. 193-195; April, 1929. 


(Observations made in Labrador and Newfoundland on the effect of aurora borealis on 
reception at high frequencies. Two types of aurora appear; type A, a faint glow generally 
seen in Northern sky extending faint streaks of greenish light inall directiensand ap- 
pearing at a great altitude, generally moving slowly but sometimes stationary. Type B 
appears suddenly, consists of undulating patches of vivid greenish light. Type A and 
to a less extent type B, produces very abnormal types of reception for frequencies of 
7500, 3750 and 1875 ke, even during daylight.) 


Lange, E. H. Note on earth reflection of ultra short radio waves. 
Proc. I. R. E., 17, pp. 745-751; April, 1929. 


(Computations and curves are given for the reflection coefficients and phase angles for 
various surface conditions in conjunction with a horizontal ultra short antenna. The- 
oretical polar diagrams were computed for various heights of horizontal antenna above 
the surface.) 
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Kingdon, K. H. and Mott-Smith, H. M. The operation of radio 
receiving tube filaments on A. C.—Part I]. General Elec. Review, 
32, pp. 228-232; April, 1929. 


(Discussion of causes of distortion resulting from use of grid-leak with a detector tube 
which employs a.c. on the filament. When grid becomes sufficiently positive, grid current 
flows causing grid voltage fluctuations which in turn give rise to a double-frequency ripple 
in plate current. Serious disturbances are caused if filament drop is greater than 0.1 volt. 


Barclay, W. A. The algebraic representation of triode valve char- 
acteristics. Experimental Wireless and Wireless Engr. (London), 6, 
pp. 178-183; April, 1929. 

(Analytical treatment of the “lumped” triode characteristic holding over the entire 
characteristic curve.) 
Decaux, B. Un abaque de classification pour les triodes de reception, 
application a leur choix rationnel. (A chart classifying receiving 
tubes.) L’Onde Electrique, 8, pp. 37-40; January, 1929. 


(A chart is presented in which each tube is recorded as a point, its abscissa being the 
logarithm of the amplification factor, and its ordinate being the logarithm of the internal 
resistance. The position of the point with respect to indicated zones shows for what 
purpose the tube is suitable.) 


Latour, M. A propos de la communication de M. F. Bedeau sur “Les 
differentes methodes de determination de la condition d'entretien des 
oscillations dans les emetteurs a lampes." (Rea communication from 
M. F. Bedeau on “The different methods of determining the condition 
for continuous oscillations in electron transmitting tubes.”) L'Onde 
Electrique, 8, pp. 77-79; Feb., 1929. 


(^ brief summary of the author's earlier analysis of the conditions for continuous 
Operation of n self exciting three-electrode tube generator.) 


Mercier, J. Le mecanisme de la stabilisation des oscillations dans un 
oscillateur a lampes. (The mechanism for stabilizing oscillations in 
electron tube oscillators.) L'Onde Electrique, 8, pp. 29-36, Jan.; 
pp. 60—67, Feb., 1929. 


(A mathematical graphical study of the building up and maintenance of radio fre- 
quency in an electron tube generator. The consideration extends to various orders of 
magnitude of the damping constant and to the effect of a grid current.) 


Okabe, K. On the short wave limit of magnetron oscillations. Proc. 
I. R. E., 17, pp. 652-59; April, 1929. 


(The short-wave limit for radio-frequency current generator by a magnetron is the- 
oretically considered. Experimental results in support of the theory are given. Successful 
production of a wavelength of 5.6 cm is reported.) 


Hartshorn, L. The measurement of the anode circuit impedances and 
mutual eonductances of thermionie valves. Proc. Royal Soc.(Lon- 
don), 41, pp. 113-125; Feb. 15, 1929. 


. (Application of Wheatstone bridge to measurement of plate circuit admittance or 
impedance and mutual conductance of an electron tube under actual conditions, Current 
of audio frequency was used.) 


Guillemin, E. A. and Rumsey, P. T. Frequency multiplication by 
shock excitation. Proc. I. R. E., 17, pp. 629-651; April, 1929. 
(Fundamental principles involved in theory of frequency multiplication by means of 
iron-core coupled circuits are briefly reviewed from standpoint of Fourier’s analysis as 
well as that of recurring transients.) 
Marique, J. Note sur le calcul des etages multiplicateurs de frequence 
a triodes. (Note on the design of frequency multiplying stages of 
triodes). L’Onde Electrique, 8, pp. 1-19; January, 1929. 
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(Calculations are given based on the static characteristics of a tube for determining the 
power that can be drawn from a tube at twice or three times the frequency of the input. 
A simple theory is presented ‘or choosing the best tube inductance, capacity, and grid 
and plate voltages for a frequency multiplying stage.) 


R200. Rapio MEASUREMENTS AND STANDARDIZATION 
Lloyd, H. Note on an application of the Whiddington ultra- 
micrometer. Jnl. Scientific Instruments (London), 6, pp. 81-84; 
March, 1929. 


(Methods are given which have been employed for overcoming some difficulties met 
with in using a heterodyne micrometer and improved arrangements are described for the 
indication of the zero beat condition audibly or visibly.) 


Pession, G. and Gorio, T. Measurement of the frequencies of distant 
transmitting stations. Proc. I. R. E., 17, pp. 734-744; April, 1929. 


(Equipment installed in the Italian Royal Experimental Institute of Communications 
for radio-frequency measurements is described.) 


Cagniard, L. Deux examples de montages qui font intervenir la 
variation des caracterictiques d'un appareil recepteur ou de mesure. 
(Two examples of networks making use of the variation in char- 
acteristics of a receiving ora measuring apparatus.) L'Onde Electrique 
8, pp. 68-76; Feb., 1929. 


(A circuit with its analysis is presented for the accurate measurement of capacities, 
eelf-inductances, etc. at higher frequencies. The circuit is a Wheatstone bridge employ- 
ing in its resonant measuring diagonal a quadrant electrometer. The capacity of the 
latter being a function of its deflection increases the sensitivity of the circuit enarmously.) 


Hartshorn, L. The measurement of the inductance and effective re- 
sistance of iron cored coils carrying both direct and alternating 
eurrent. Jnl. Scientific Instruments (London), 6, pp. 113-115; April, 
1929. 

(Method is deseribed for measurement of effective inductance and resistance of coils 
of large self induetance which are required to carry a comparatively large direct current 
with a superposed a-c ripple. Hay's inductance bridge is used with special arrangement 
for independent control and measurement of the a-c and d-c components, the avoidance 
of earth capacity effecta without grounding the a-c supply and elimination ef the d-c 


from the vibration galvanometer used as detector without losing sensitivity. Typical 
resulte are given.) 


Sutton, G. W. A method for the determination of the equivalent re- 
sistance of air condensers at high frequencies. Proc. Royal Soc. 
(London), 41, pp. 126-134; Feb. 15, 1929. 


(Losses in air condensers are due to leakage through the solid dielectric and te terminal 
and plate resistance. A method is developed for measuring each under conditions such 
that the other is negligibly small. Limits of the errors to which the methods are liable 
are discussed and some results of practical measurements are quoted.) 


Jolliffe, C. B. The use of the electron tube peak voltmeter for the 
measurement of modulation. Proc. I. R. E., 17, pp. 660-663; April, 
1929. 


(Method deseribed whereby the peak value of the radio-frequency current is measured 
without modulation. The modulation is then applied and the peak value again measured.) 


R300. Rapio APPARATUS AND EQUIPMENT 


Eckersley, P. P. and T. L., and Kirke, H. L. The design of transmit- 
ting aerials for broadcasting stations. Jnl. I. E. E. (London), 67, 
pp. 507—526; April, 1929. 

(Presents theory of the antenna as a radiator with special reference to its ability to 
radiate raya parallel to the surface of the earth. Accaunt of experiments with different 
types of antennas designed to achieve this result is given. Theory of attenuation of waves 
having frequencies between 500 and 1500 ke is given, and a complete set of curves taken 


from a transmitting antenna near London is shown, Data is given for aiding in the de- 
termination of extent of service area for a broadcasting station.) 
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Sutherlin, L. and Upp, C. B. Characteristics of radio receiving tubes. 
Electric Jnl., 26, pp. 146-152; April, 1929. 


(Gives description of several power tubes and their characteristics.) 


Hull, A. W. Hot cathode Thyratrons—Part I. General Electric Rev., 
32, pp. 213-223; April, 1929. 


(Three-electrode tube similar to pliotron into which a small amount of inert gas has 
been introduced. This gas changes the pure electron discharge into an arc so that the 
Thyratron is an electrostatically controlled arc rectifier. Characteristics of tube are 
given.) 


Lamb, J. J. A general purpose audio-frequency power amplifier. 
QST, 13, pp. 23-28; April, 1929. 


(Design and construction data.) 


Jarvis, K. W. Radio receiver testing equipment. Proc. I. R. E., 17, 
pp. 664-710; April, 1929. 


(Detailed description of testing equipment capable of measuring performance char- 
acteristics of modern radio receivers with design conforming to the restrictions of the 
Standardization Committee. A novel modulation meter is described.) 


Hendricks, P. S. Another 1929 receiver. QST, 13, pp. 15-18; Mav, 
1929. 


(Description of threc-tube receiver suitable for frequencies of 2800 to 15,150 kc and 
also-for the 28-megacycle band.) 


Greibach, E. H. A new type of precision frequency changer for instru- 
ment calibration. Electric Jnl., 26, pp. 125-126; March, 1929. 


(A photoelectric means of producing wide and accurately known variations in the 
frequency obtained through a standard tuning fork.) 


David, P. La qualite dela reproduction radiophonique. (The quality 
of radiophone reproduction.) L'Onde Electrique, 8, pp. 41-59; Feb., 
1929. 


(A summary is presented of the factors affecting the quality of radiophone reception 
discussing (1) distortion due to unfaithful reproduction of frequency and amplitude, (2) 
distortion due to parasitic frequencies and (3) necessary precautions in detection nnd in 
the amplification of audio frequencies. It is concluded that improvement in quality is to 
be secured at a sacrifice of sensitivity and selectivity in the receiving apparatus.) 


Tubbs, E. A. Practical design of audio frequency filters. Radio (San 
Francisco), 11, pp. 17-18; May, 1929. 
(Design data.) 


Rangachari, T. S. The super-position of circular motions. Experi- 
mental Wireless and Wireless Engr. (London), 6, pp. 184-193; April, 
1929. 


(Derivation of expressions for the superpositions of circular motions such as produced 
in a cathode-ray tube.) 


R500. Apprications or RADIO 


Aicardi. Reperage de directions fixes au moyen d’ondes Hertziennes 
—Radio alignements. (Fixed direction marking by radio waves.) 
L'Onde Electrique, 8, pp. 20-28; January, 1929. 


(A beacon system is described employing the transmission on the same w avelength from 
two separate antennas. One transmission is slightly modulated. The number and the 
disposition of the nodal lines in the resultant field are indicated. A practical scheme for 
periodically displacing these lines to enable the observer to know his position with respect 
to them is also presented.) 


Gloeckner, M. H. Der Bordpeilungempfanger im Flugzeug. (The 
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radio direction finder applied to aircraft.) Zeits. für Hochfrequenztech- 
nik, 33, pp. 92-101; March, 1929. 


(Complete description of a special radio direction finder developed by DVL and the 
Telefunken Co. with an explanation of its application to air navigation.) 


R800. Non-Rapio SUBJECTS 


On the sound waves radiated from loud-speakers diaphragms. Ez- 
perimental Wireless and W. Engr. (London), 6, pp. 175-177; April, 
1929. 

(A review of the radiation of sound waves from commercial types of loudspeakers with 
special reference to beam effects.) 
Hermanspann, P. Untersuchungen an Drosseln mit geschlossenen 
Hypernik-Kern. (Experiments with Hypernik (iron-nickel-alloy) 
closed core chokes.) Zeils. für Hochfrequenztechnik, 33, pp. 81-84; 
March, 1929. 


(Report of experiments with Hypernik-cored chokes by the Physical Institute of the 
Technical University at Munich. Measurements of inductance and losses at varying 
field strengths were taken and compared with those of ordinary dynamo sheet iron. 
Hypernik is a special alloy of iron and nickel manufactured by the Westinghouse Co.) 
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Proceedings of the Institute of Radio Engineers 
Volume 17, Number 7 July, 1929 


CONTRIBUTORS TO THIS ISSUE 


Austin, L. W.: Born October 30, 1867 at Orwell, Vermont. Received A.B. 
degree, Middlebury College, 1889; Ph.D. degree, University of Strassburg, 1893. 
Instructor and assistant professor, University of Wisconsin, 1893-1901. Re- 
search work, University of Berlin, 1901-1902. With Bureau of Standards, 
Washington, D. C., since 1904. Head of U. S. Naval Research Laboratory, 
1908-1923; chief of Radio Physies Laboratory, 1923 to date. President of the 
Institute in 1914; served on Board of Direction, 1915-1917; awarded Institute 
Medal of Honor, 1927. Frequent contributor to the PROCEEDINGS. Associate 
member, Institute of Radio Engineers, 1913; Member, 1913; Fellow, 1915. 

Ballantine, Stuart: Born September 22, 1897 at Germantown, Pa. 
Operator, Marconi Co., summers 1914-1915; H. K. Mulford Co., bae- 
teriologists, 1916; Bell Telephone of Pa., 1917; expert radio aide, U. S. Navy, 
in charge of research and development of radio direction-finder apparatus, 
Philadelphia Navy Yard, 1917-1920; organized Philadelphia Seetion of the 
Institute, 1920, and served as chairman until 1926. Studied mathematies at 
Drexel Institute, 1919, and mathematical physies, graduate school, Harvard 
University, 1920-1921. With L. M. Hull organized research work at Radio 
Frequeney Laboratories, Boonton, N. J., 1922-1923. John Tyndall Scholar in 
mathematical physics, Harvard University, 1923-1924. Privately engaged in 
miscellaneous research work in radio, spectroscopy, astrophysies, propagation of 
electric waves in the upper atmosphere, at White Haven, Pennsylvania, 1924— 
1927. In charge of Research Division, Radio Frequency Laboratories, 1927 to 
date. Frequent contributor to the PROCEEDINGS. Associate member, Institute of 
Radio Engineers, 1916; Fellow, 1928. 

Bogardus, Henry L.: Born December 20, 1894 at Jersey City, N. J. Gradu- 
ated from Pratt Institute, electrical engineering, 1917. Commercial radio 
operator, Marconi Co., 1913; radio research laboratory, Western Electric Co., 
1917; signal corps, U. S. Army, A.E.F., 1917-1919. U. S. radio inspector, radio 
division, Department of Commeree, New York, 1920 to date. At present, Acting 
Supervisor of Radio, New York. Associate member, Institute of Radio Engi- 
neers, 1920; Member, 1923. 

Crozier, William D.: Born May 24, 1900 at North Libertv, Iowa. Received 
B.E. degree, Universitv of Iowa, 1923. Graduate student, department of 
physies, University of Iowa, with research assistantship, 1923-1927. Received 
Ph.D. degree, 1927. At present research engineer, United Reproducers Corpora- 
tion, St. Charles, Illinois. Associate member, Institute of Radio Engineers, 1927. 

Dean, S. W.: Received A.B. degree, Harvard University, 1919. Cutting 
and Washington, Ine., 1917; ensign, U. S. Naval Reserve Force, 1918; Radio 
Corporation of America, 1919- 1925; Department of Development and Research, 
American Telephone and Telegraph Company, 1925 to date, working chiefly in 
connection with long-wave transatlantie radio receiving systems. Junior mem- 
ber, Institute of Radio Engineers, 1914; Associate, 1918; Member, 1926. 

Greaves, V. Ford: Wireless operator, U. S. Navy, 1903; research assistant 
in physies, Harvard University, 1907-1912; appointed U. S. radio engineer, 
Department of Commerce, Washington, D. C., 1912-1917, organizing U. S. 
radio inspection service; lieutenant, U. S. Navy, 1917-1919; director and general 
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manager, National Radio Co., San Francisco, Calif., 1919; director, service 
manager, and assistant general manager, Burnell-Faulkner Automobile Co., 
Boston, Mass., 1920; general sales agent, Federal Telegraph Co., San Francisco, 
Calif., 1921-1924; engineer, Magnavox Company, Oakland, Calif., 1924-1927; 
in charge field work, Argus Research Corporation, also with Jensen Radio Mfg. 
Co., sales and engineering, 1927-1929. At present chief engineer, United Re- 
producers Corporation, Newcombe-Hawley Division, St. Charles, III. 

Harper, Augustus E.: Born December 30, 1896 at Brooklyn, N. Y. Marconi 
Wireless Telegraph Co. of America, 1917; signal corps, U. S. Army, 1913-1919; 
Independent Wireless Telegraph Co., 1920. Received M.E. degree, Stevens 
Institute of Technology, 1922; with Western Electric Co., 1922-1923; Depart- 
ment of Development and Research, American Telephone and Telegraph Com- 
pany, engaged in work connected with long-wave transatlantic radiotelephony, 
1923. Associate member, Institute of Radio Engineers, 1919; Member, 1926. 

Kranz, Fred W.: Received A.B. degree, Lawrence College, 1911; M.A. 
degree, University of Wisconsin, 1919; Ph.D. degree, University of Chicago, 
1922; research laboratory, Western Electric Co., 1913-1920; Riverbank Labora- 
tories, Geneva, Ill., 1920 to date. Radio consultant, 1927 to date. Associate 
member, Institute of Radio Engineers, 1923. 

Lack, Frederick R.: Born in England. Engineering department, Western 
Electric Co., 1913-1917; division of research and inspection, Signal Corps, 
A.E.F., 1917-1919; installing radio telephone link between Peking and Tientsin, 
China, 1920-1922; Harvard University, 1923-1925; research department, Bell 
"'elephone Laboratories, 1925 to date. Associate member, Institute of Radio 
Engineers, 1920. 

Manning, Charles T.: Born July 2, 1893 at Madison, N. J. Commercial 
radio operator, 1911-1913. Inspector and chief inspector, Marconi Wireless 
Telegraph Company of America for four and one-half years. Instructor at Radio 
Institute of America for two vears; instructor at Marconi Institute for two vears; 
instructor at Y. M.C.A. Radio School for one year. Radio inspector, Department 
of Commerce, office of supervisor of radio, 1922 to date. Associate member, 
Institute of Radio Engineers, 1917; Member, 1928. 

Marrison, W. A.: Born May 21, 1896 at Inverary, Ont., Canada. Received 
B.Se. degree, Queens University, Canada, 1920; M.A. degree, Harvard Univer- 
sity, 1921. During the war was wireless mechanic in Royal Flying Corps. Since 
1921 has been in the Western Electric Company and Bell Telephone Labora- 
tories working on development of constant frequency sources, studies of quartz 
erystals as resonators, temperature control, and picture transmission. Member, 
Institute of Radio Engineers, 1928. 

Meissner, Alexander: Born September 14, 1883 at Vienna, Austria. Re- 
ceived degree of Doctor of Technical Science, Vienna Technical School, 1909. 
In 1922 received degree of Honorary Doctor of Engineering, Technical High 
School of Munich. Since 1907 with the Telefunken Gesellschaft, and at present 
head of the research laboratory. Honorary professor, Berlin Technical High 
Sehool. Member, Institute of Radio Engineers, 1914; Fellow, 1915. 

Nakai, Tomozo: Born March 10, 1901 at Fukuyama City, Japan. Gradu- 
ated electrical department of Osaka Higher Technical School, 1922. Entered 
radio section of the Electrotechnieal Laboratory, Ministry of Communieations, 
Japan, engaged in radio researches. Since 1925 working on wave propagation. 
Associate member, Institute of Radio Engineers, 1929. 
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Wymore, Ivy Jane: Bornin Mahaska County, Iowa. Received B.S. degree 
Drake University, 1918; M.S. degree, George Washington University, 1925. 
With Division of Metallurgy, Bureau of Standards, 1919-1924; Laboratory for 
Special Radio Transmission Research, 1924 to date. 

Yokoyama, Eitaro: Born July 21, 1883 at Fukui City, Japan. Graduated 
Engineering College, Tokyo Imperial University, 1908. Entered Ministry of 
Communications, Japan, engaged in radio researches at the Electrotechnical 
Laboratory. One of the inventors of the T.Y.K. oscillation gaps for radio- 
telephony. Chief of Radio Section, Laboratory, 1920. Member, Institute of 
Radio Engineers, 1917. 
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Over two thousand coils per hour are 
wound in the Thordarson voil wind- 
ing department. All these special 
winding machines haee been de- 
signed, developed and -built in the 
Thordarson factory. These machines 
are fully automatic in operation, in- 
eluding counting of turns per layer, 
inserting of paper separators, and 
stopping upon completion of coil 
winding. The important features of 
these machines are completely pro- 
esie OY plant granted anA fading: 


Thordarson coil windings are wound in the 
Thordarson factory — according to Thordarson 
designs — on machinery patented, built and 
owned by Thordarson. 


They are combined with other Thordarson 
built parts to make transformers and chokes 
that are 100% Thordarson. 


HORDARSON 


Transformer Specialists Since 1895 


THORDARSON ELECTRIC MANUFACTURING CO. 
Huron, Kingsbury and Larabee Streets, Chieago, Ill. 


When writing to advertisers mention of the PRockEDINGS will be mutually helpful. 
I 


Volume Controls 


Manufactured in three sizes 


Also Double Standard 
and Double Junior 


O vary the intensity of the faithful 

reproduction built into radio receivers 
without introducing noise or distortion, can 
only be accomplished by a careful and com- 
plete consideration of both mechanical and 
electrical features of the volume control. 


Mechanically—The Centralab exclusive and 
patented rocking disc contact precludes any 
possibility of wear on the resistance ma- 
terial. This feature adds to the smoothness 
of operation since the contact shoe rides 
only on the disc. The shaft and bushing are 
completely insulated from the current carry- 
ing parts—eliminating any hand capacity 
when volume control is placed in a critical 


Standard circuit. 
Tutor Electrically — Centralab engineers have 
Midget 


evolved tapers of resistance that produce a 
smooth and gradual variation of volume. 
These tapers have been thoroughly tried and 
tested for each specific application for cur- 
rent carrying capacity and power dissipation. 


Centralab volume controls have been speci- 
fied by leading manufacturers because of 
their quality and ability to perform a specific 
duty—Vary the intensity of faithful repro- 
duction—faithfully. 


Write for full particulars of 
specific application. 


Centr; 


CENTRAL RADIO LABORATORIES 


36 Keefe Ave. Milwaukee, Wis. 


A CENTRALAB VOLUME CONTROL IMPROVES THE RADIO SET 


When writing to advertisers mention of the Proceeptncs will be mutually helpful. 
H 


L 
for Vital Places in Radio 


Receiving Sets 


Ax, 


Send for this 
NEW catalog 
for complete 
listings of 
Rheostats 
Volume Controls 
Phone Tip Jacks 
Fixed Resistances 
Grid Resistances 
Phone Plugs 
Jacks 
Jack Switches 
Terminal Clips 
Radio Convenience 
Outlets 


YAXLEY 


E 


Y close adherence to the 

highest degree of specializa- 
tion—concentrating on related 
products for which their engin- 
eering and manufacturing facili 
ties are best suited —Yaxlev has, 
within its own lines, retained an 
undisputed through 
every phase of modern radio re- 
ceiver development. 


leadership 


Let us figure with you on those 
parts of your receivers for which 
our facilities 
adapted. 


are especially 


We can guarantee quality up to 
your most rigid standards and 
shipment on schedule for require- 
ments of the greatest magnitude. 


Send for the New Catalog 
and Data Sheets To-day 


MFG. CO. 


Dept. I, 9 South Clinton St., Chicago, Ill. 


When writing to advertisers mention of the ProckEDINGs will be mutually helpful. 


III 


You can forget the Condensers, if they are DUBILIERS 


TYPE PL1537 


A modern high 
frequency furnace 
tank circuit Con- 
denser. Capacity 
.05. Current 
150 Amps. 


Reg, U.S Patort 


Dubilier — 
the standard of quality 


Ever since the advent of Radio, Dubilier has been the manu- 
facturer's standard. For, built in every Dubilier Condenser 
is a factor of safety which is your safeguard for years of 


service without failure. 
Dubilier engineers have de- 


veloped thousands of types of 
condensers for radio and in- 
dustrial purposes. Write us to- 
day for complete free catalog. 


Address Dept. 90 


Dubilier 


CONDENSER 
Illustrated above is one of the many Cc Ce) R P O R A T I (+) N 


types of Condensers Dubilier is pro- 
ucing for radio manufacturers. Many 


thousands of these are being used in 342 Madison Avenue 
well known and nationally advertised i 
radio sets. New York, N " NS 


When writing to advertisers mention of the PROCEEDINGS will be mutually helpful. 
IV 


— —"ESCO" 


Synchronous Motors for Television 


In addition to building reliable and satisfactory motor generators, 
"Esco" has had many years of experience in building electric 
motors for a great variety of applications. 


Synchrosous motors, small, com- 
pact, reliable, self starting are 
now offered for Television equip- 
ment. "They require no direct 
current for excitation, are quiet 
running and fully guaranteed. 


Other types of motors suitable 
for Television may also be sup- 
plied. 


Write us about your requirements. 


Machines for operating 60-cycle 
A. C. Radio Receivers, Loud 
Speakers and Phonographs from 
Direct Current Lighting Sockets 
Without Objectionable Noises of 
any Kind. 


The dynamotors and motor generators 
are suitable for radio receivers and for 
combination instruments containing 
phonographs and receivers. Filters are 
usually required. The dynamotors and 
motor generators with filters give as 
good or better results than are obtained 
Írom ordinary 60-cycle lighting sockets. 
They are furnished completely assem- 
bled and connected and are very easily 
installed. 

These machines are furnished with wool- 
packed bearings which require very 
little attention, and are very quiet run- 
ning. Dynamotor with Filter for Radio Receivers 


Write for Bulletin No. 243-C. 


How can “ESCO” Serve You? 
ELECTRIC SPECIALTY COMPANY 


TRADE «*ESCQ? MARK 


300 South Street Stamford, Conn. 


When writing to advertisers mention of the Proceepincs will be mutually helpful. 
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Compare the Pacent Silent Induction Motor 
with any phonograph motor-regardless of price 


coru strong, silent—The 
D Pacenc Electric Phonograph Motor is 
an achievement of modern engineering 
skill. This new, silent, induction-type 
motor is completely insulated against 
noise. Vibration is eliminated by a dy 
namically balanced rotor. All bearings 
are of phosphor bronze. Has die-cast 
frame, easily accessible lubricating system, 
micrometer-type speed regulator. Costs 
only about 1/6¢ an hour for current. Op- 
erates on 110 volts, 50 or 60 cycles A.C. 
It is the ideal power unit for phono-radio 
combinations. 


PACENT ELECTRIC CO., INC. 
91 SEVENTH AVE., NEW YORK CITY 


Pioneers in Radio and Electric Reproduction for 
Over 20 Years 
Manufacturing Licensee for Great Britain and Ireland: 
Igranic Electric Co., Lid., Bedford. England 
Licensee for Canada: White Radio Lid., Hamilton, Ont. 


Phonograph Motor 
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uietness —Permanency 
Two Big Features oj the 
Bradleyunit Resistor 


HE outstanding noiseless 

performance of the Brad- 
leyunit Resistor compared with 
other types ofresistors is clear- 
ly revealed by laboratory tests. 
Quiet performance and perma- 
nence of resistance rating are 
highly essential qualifications 
for fixed resistors used in mod- 
ern receivers of highamplifica- 
tion. Continued repeat orders 
from leading set manufacturers 
isample proofthat the Bradley- 
unit maintains its remarkable 
performance for the life of the 


set. Itisunaffected by moisture, 
temperature and age. Use the 
Bradleyunit on your set for 
insurance against noise and 
distortion. 


Standard Bradleyunits are 
furnished in ratings from 500 
ohms to 10 megohms. Special 
ratings supplied on request. 
Units are equipped without 
leads or with leads up to six 
inches in length. Color coded 
for quick identification and 
checking purposes. 


Write today, giving complete 
specifications, for data and prices. 


Allen-Bradley Co., 282 Greenfield Avenue, Milwaukee, Wisconsin 


When writing to advertisers mention of the PROocEEDINGS will be mutually helpful. 
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A new folder, containing a 
sketch of the pertinent prop- 
erties of Isolantite is avail. 


able to all radio engineers. 


few of the 

many Isolantite 
insulating parts 
used in Radio and 


illustrated above . . . 


Tube sockets (individual or gang- 
mount), supports and mountings. 


Insulating bridges for variable con- 


densers. 


Terminal strips, panels, bushings, 


Tubing, in a btoad range of sizes, 
threaded, grooved or smooth for 
wire-wound and coated resistance 


3 washers and insulating sleeving. 


units. 


Radio frequency inductance forms, 
fluted, slotted and threaded, as well 
as inductance supports, 


Insulators of the suspension, guy 
wire, stand-off, lead-in and special 
types. 


Internal vacuum tube insulasors, 
single and twin hole tubing, stop- 
pers, beads, bridges and insulating 
supports, made to specifications. 


in RADIO.. 


HE radio industry, with its many ramifications of manufacture 

and construction, is absorbing more and more quality insulating 
materials. This accounts for the increasing use of Isolantite—radio's 
high quality insulator—by many manufacturers seeking a solution of 
their radio frequency insulating problems. 


Isolantite will neither warp nor shrink, and has many mechanical prop- 
erties which appeal to the engineer who must design for permanence. 
Its excellent insulating qualities immediately recommend it for present 
day radio manufacture where electrical losses must be minimized. Then 
too, Isolantite is economical. 


Some of the many forms in which Isolantite are available are shown in 
the accompanying illustrations. Radio engineers are invited to consider 
these indicated applications of Isolantite in their 
present and future insulating studies. 


Isolantite Company of America 


551 FIFTH AVENUE - NEW YORK CITY 


- 
2 


ASA 


- 
= 


Vitreosil — 


RASAR iui uw weg 


The Ideal Insulation | 

ee mS ROGRESSIVE manufacturers, ? 

1 pos the better kind of H 

| AC heater-type radio tubes f 

hy ' use Vitreosil insulation for its $ 
! freedom from gas and uniform » 

wall which produces even heat ^ 


= 


distribution. It easily meets 
the thermal conditions of sud- 
den heating and cooling, is 
mechanically strong, and avail- 
able at low cost in single or 
multibore styles, and twin bore 
in either oval or circular cross 
section. 


AANA 


[EET 


re 


M A CA d d. i 


~a 
You can identify this 
Vitreosil product by its 
smooth satin finish as 
illustratedherewith. Let 


us send samples and , 
quote on your require- J 
ments. 


ES 


THE THERMAL SYNDICATE, Ltd. 


1716 Atlantic Avenue Brooklyn, New York 


When writing to advertisers mention of the ProcEepincs will be mutually helpful. 
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WHY 
POLYMET-EQUIPPED RADIOS 
ARE WORTH MORE 


. RESERVOIR 
OF E 


The 


NUT 
inside yi xn. 
Ste ) ry The Quality 


GOES IN 


before the aame 


GOES ON . 


A, BRAWLING upg dashes 


Here are some of the ad- 
/ vertisements we have been 
/ running in the Saturday 
Evening Post —interesting, 
instructive messages, that ac- 
quaint the non-technical publie 
with the functions of the condens- 
ers and resistances we manufac- | 
ture, and, at the same time, awaken Y 
J a nation-wide consumer aeccptance 
of, and preference for, sets equipped 
with well-known Polymet Products. 
That’s why these sets are worth more to 


* parts. Ay 
d manufac 


Polyme: Ms 
condenses 


a radio manufacturer, jobber and dealer. 
POLYMET PRODUCTS 
POLYMET MANUFAC TURING CORPORATION 

829 East 134th St., ’ Y 7 , L 7 


New York City 


When writing to advertisers mention of the PRockEDINGS will be mutually helpfid. 
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A. C. Tube Automatic 
Exhaust Machine 


EISLER — the 
independent radio tube 
manufacturers' standard 


Why do the engineers of the foremost Independent Radio Tube 
plants specify Eisler Electric Equipment? 


Because they know that Eisler Automatic Radio Tube manufactur- 
ing machines are the result of years of research, a thorough knowl- 
edge of Radio Tubes and their 
requirements. That every machine 
is built to endure and render years 
of satisfactory service. Embodied 
in each machine are best quality of 
materials and finest workmanship 
human skill can produce. 

Surely there is no better recommen- 
dation. 


Largest and Most Modern Radio Tube 
Machinery Manufacturers 


Bohn repond Eisler Electric 
CORPORATION 
To Share i = 
The 1929 EISLER ENG. CO., INC. 


Increased Demand? 772 South 13th Street 
Newark, N. J. 


When writing to advertisers mention of the PRocEEDINGS will be mutually helpful. 
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the most complete, 
comprehensive, and 
authoritative Radio Manual 
ever published! 


Practical Radio 


Telegraphy ana Telephony 


RUDCLPH L. DUNCAN 
CHARLES E. DREW 
Radio Institute of America 


HIS is a practical handbook for radio engineers, operators, amateurs, 
broadcasters and students. 

More than 900 pages of practical information on Ship, Shore, and Broad- 
cast Operating make this text indispensable to the practical radio man. 

Principles, methods, and equipment are described clearly and interestingly 
and illustrated profusely with more than 460 supplementary and illuminating 
diagrams and photographs. 

This is all brand new 1929 data presented as a -esult of years of study 
and research on the part of two of America's foremost teachers of the sub- 
ject. The book is a product of the School Division of the Radio Corporation 
of America. 

Indispensable to the practica! man and extremely interesting to the amateur 
this book is also an ideal Wireless Operators’ Handbook and a complete text 
for the student of Wireless Communication. 


Send in this coupon at once—and examine the book at our expense! 
Price $7.50 


A WILEY BOOK 


FREE EXAMINATION COUPON 


JOHN WILEY AND SONS, INC, 
440 Fourth Ave., New York 


Gentlemen: Kindly send me on ten days’ free examination, Duncan and Drew's “Practical 
Radio Telegraphy and Telephony.” my, s 

I agree to remit the price of the book ($7.50) within ten days after its receipt or return 
it postpaid. 

Name . 

Address 


Position or Reference 


Yes 
Subscriber 


No 
(To residents of U. S. proper and Canada only) 


P.LR.E. 6-29 


When writing to advertisers mention of the PRockEDINGS will be mutually helpful. 
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PRECISION 


UNCOATED 


FILAMENT 
Ribbon 


Wire 


for 


RADIO VACUUM TUBES 


Accurate 
(within 00005” of specifications) 


Uniform 


size and weight 


Clean 


Free from surface impurities 


Hangs Straight 
"s" SIGMUND COHN 4p 


When writing to advertisers mention of the PRroceEepincs will be mutually helpful. 
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Piezo Electric Crystals and 
Constant Temperature Equipment 


Piezo Electric Crystals: 

We are at your service to grind for you Piezo Electric Crys- 
tals suitable for POWER use, said crystals ground to your 
assigned frequency in the 550 to 1500 Kc band accurate to 
plus or minus 500 cycles fully mounted for $55.00. Crystals 
for use in the Short Wave Broadcast Band (4000 to 6000 
Kc) ground for power use accurate to plus or minus .03% 
of your desired frequency fully mounted for $85.00. In 
ordering please specify type tube, plate voltage, and operat- 
ing temperature, All crystals guaranteed in regard to out- 
put and accuracy of frequency, and delivery can be made 
within three days after receipt of your order. 


Constant Temperature Equipment: 

In order to maintain the frequency of your crystal controlled 
transmitter to a high degree of constancy, a similar high 
grade heater unit is required to keep the temperature of 
the crystal constant. Our unit just announced two months 
ago is proving itself to solve the problem of keeping the 
frequency within the 50 cycle variation limits. Our thermo- 
statically controlled heater unit maintains the temperature 
of the crystals to BETTER THAN A TENTH OF ONE 
DEGREE CENTIGRADE, is made of the finest materials 
known for each specific purpose, and is absolutely guaran- 
teed. If interested we urge you to write for more details. 


Low Frequency Standards: 

We have a limited quantity of material for grinding low 
frequency standard crystals. We can grind them as low as 
25,000 cycles. These crystals can be ground to your speci- 
fied frequency accurate TO ONE HUNDRETH OF ONE 
PER-CENT. Prices quoted upon receipt of your specifi- 
cations. 


Scientific Radio Service 
"The crystal specialists" 


P. O. Box 86 Dept. R-4 Mount Rainier, Md. 


When writing to advertisers mention of the Procrepincs will be mutually helpful. 
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S 


Keeping Costs With 


Accuracy 


View of Cost Dept., John E. Fast & Co. 


á ue. Department of Commerce at Washington shows that the 
failure of most businesses is due to lack of knowing exact 
costs. In an industry as young as radio, it was inevitable that 
some failures should have been caused by lack of such knowledge. 


In the Fast organization an efficient cost finding system deter- 
mines the exact costs to the penny. It protects us in assuring a 
reasonable profit on every sale, and it also protects our customers 
in giving them such price advantages as our records tell us are 
based on sound economies. 


Manufacturers who do not know their exact costs, must add a 
percentage to take care of probable but unknown expenses. Such 
items are not included in our quotations, which are the lowest 
consistent with good management, unexcelled production facilities, 
capable engineering and a quality product. 


Let us figure with you on your condenser problems, too. 


3982 Barry Avenue, Chicago, Illinois 


2 
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i -A A - Hi 
STANDARD OMPA 
m D 


First Principles 


The prestige attained by CARD- 
WELL condensers is due to their 
undamentally correct design. They 
have always been held to first prin- 
ziples, not dressed up to meet the 
»opular fancy, not cheapened to 
meet competition on the bargain 
counter. 

Though universally imi-ated as near- 
iy as may be, CARDWELL design 
affords a measure of 2fficiency and 
performance that continues to be the 
vardstick by which the desirability of 
ether condensers is measured. 


Variable and Fixed (Air Dielectric) 
Condensers 


for 
Broadcasting Stetions 


Large and Smail Transmitters 
Receivers 


Send for Literature 
THE ALLEN D. CARDWELL 
MFG. CORP. 


81 Prospect St. 
BROOKLYN, N. Y. 


$ oye 


SNe 


-= 


= 


HTERCUT 
sat 
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T is now a matter of proven record 

that Aluminum’s workability, light- 
ness, resistance to corrosion and high 
electrical conductivity make it the one 
metal that most efficiently meets the 
differing conditions encountered in 
radio design. 


Used as shielding Aluminum reduces 
interference. It eliminates electrostatic 
and electro-magnetic interaction be- 
tween the various stages of radio-fre- 
quency amplification. It eliminates 
modulation of radio frequency stages 
by feed back from audio-frequency am- 
plifier. It is so easily worked into cans, 
boxes or casings that it presents few 
limitations of sizes and shapes, and 
makes possible more compact designs. 


Used as variable condenser blades, 
Aluminum is available in special sheets 
of an accuracy and uniformity beyond 
anything previously developed for that 
purpose. Gauge tolerance in thickness 
is limited to +.001 inch, with a total 


ALUMINUM FOR RADIO 


WLEANS 


^22 aD A COR n 
Vere receptor 
Pour selectivity. a 


variation within one sheet never ex- 


ceeding .0005 inch. 


For fixed condensers Aluminum Foil 
is ideal, because of its high electrical 
conductivity and its great covering 
area. A pound of Aluminum Foil .0003 
in thickness covers 34,000 square 
inches. 


And Aluminum Die Castings com- 
bine lightness, strength and accuracy. 
They are used with great success for 
loud speaker frames and bases, con- 
densers and condenser frames, drum 
dials, chassis and cabinets. 


We solicit inquiries for Aluminum 
foil, sheet, wire, rod, tubing, stamping, 
die castings, sand castings, extruded 
shapes, screw machine products, wood 
grain panels, strong Aluminum alloys 
and magnesium products. 


Aluminum Company of America 
2470 Oliver Building Pittsburgh, Pa. 
Offices in 19 Principal American Cities 


ALUMINUM 


“The mark of quality in Radio 


When writing to advertisers mention of the ProcEEDiIncs will be mutually helpful. 
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The Institute of Radio Engineers 


Incorporated 
33 West 39th Street, New York, N. Y. 


APPLICATION FOR ASSOCIATE MEMBERSHIP 


To the Board of Direction 
Gentlemen: 

I hereby make application for Associate membership in the Institute. 

I certify that the statements made in the record of my training snd pro- 
fessional experience are correct, and agree if elected, that I will be governed by 
the constitution of the Institute as long as I continue a member. I furthermore 
agree to promote the objects of the Institute so far as shall be in my power, and 
if my membership shall be discontinued will return my membership badge. 

Yours respectfully, 


(Date) (City and State) 
References: 
(Signature of references not required here) 

IM riae O50 OS ye BE ASE abad 15 Wee he Ses eta Ge ene 
(ACCROSS UICE TRE ETSI «mma! AUNES emeni in roro Fx dua Deme 
Mig MERCEDE EIS TUR TREO TL MID o oe eue qais ddb« uA oi MOMS A Y Nd De y 
ACRES, s doa ox aiia Acn mS ee Aa wen . Address........ 

MT, un suc br coh m Don o dion OR OR 

VOR TTIT tap eres date deena he Pe es 


The following extracts from the Constitution govern applications for admission in the Institute in 
the Associate grade: 


ARTICLE II—MEMBERSHIP 
Sec. 1: The membership of the Institute shall consist of: * * * (d) Associntes, whoshall be entitled to ali 
the rights and privileges of the Institute except the right to hold the office of President, Vice-pres- 
ident and Editor. * * * 
Sec. 5: An Associate shall be not less than twenty-one years of age and shall be: (a) A radia engineer 
by profession; (b) A teacher of radio subjects; (c) A person who is interested in and connected 
with the study or application of radio science or the radio arts. 


ARTICLE III—ADMISSION 


Sec. 2: * ** Applicants shall give references to members of the Institute as follows: *,* * for the grade 
of Associate, to five Fellows, Members, or Associates; ** * Each application for admission * * * 
shall embody a concise statement, with dates, of the candidate's training and experience. 

The requirements of the foregoing paragraph may be waived in whole or in part where the appli- 
cation is for Associate grade. An applicant who is so situated as not to be personally known to the 
required number of members may supply the names of non-members who are personally familiar with 
his radio interest. 


XIX 


(Typewriting preferred in filling in this form) No. 


RECORD OF TRAINING AND PROFESSIONAL EXPERIENCE 


] IN afe:zx»ubR; cec Riva kia dwed ow hen wl S wae Es v Vra s c Moi ewe 
(Give full name, last name first) 
2. Present Occtipationas.. series. dex td wand et broke TA ras ua seus d RUE RAUM 
(Title and Name of concern) 
3 Permanent Home Address. ...5: 00 cnn ee pem tshirt tne OY Swe 
Ay (Business! A GareSs ted da «eet sa owe oN a weed odd eee bet aad ee st aR L6. 
5. Place of Birth.......0...0 0.0005 Date of Birth............. Age: vx t 
OU Peucatlon. «x 045% o Uv ren da WE Nn Vn vq meets o d drip p ERE 
VA DOETeen, ecrutaenauekruveysmMymiavsyT Sa Re Ue RELY 00m Cue ty ve TN CRDI renee 
(college) (date received) 
8 Training and Professional experience to date......... 06066 eee eee 


NOTE: 1. Give location and dates. 2. In applying for admission to the grade 
of Associate, give briefly record of radio experience and present employment. 


DATES HERE 


| 
| 
| 


0 Specialty, LUBKLY oc vm mcs wer ewer ow ace en narn e aa 200 eda E NETTE 
Receipt Acknowledged............ Elected............ Deferred........... 
Grate < Joneses Advised of Election...... .. This Record Filed........... 
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Our rich experience is at your disposal 


POWERIZER 


Power and 
Super Power 


AMPELEEEERS 


Take up your special problems in tone re- 
production with us and benefit by our 
lifetime of experience in this field. Often our 
standard POWERIZER models can meet 
your individual requirements. Where special 
conditions make this impossible, you will gain 
by conferring with us freely. 
We illustrate here our PXP-245 2. 
stage Powerizer, an exceptionally efh- 
cient unit, using two UX-245 tubes in push 
pull. Other moderately priced units using 
the new UX-245 tubes are available for 


your needs. We are now manufacturing 
rack and panel units in all combinations. 


Send for Bulletin R. E. 1028 
RADIO RECEPTOR COMPANY, INC. 


106 Seventh Avenue 307 No. Michigan Bivd. 
NEW YORK CITY CHICAGO, ILL. 


Licensed by Radio Corporation of America 
and Associated Companies 
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L VOLUME 
FROST-RADIO CONTROLS 
A complete line that gives you a wide range of types 


to choose from, in either wire wound or 
carbon clement design 


you can secure Frost-Radio Volume Con- 
trols in any of the curves shown herewith, 
as well as in many other curves to suit your 
most exacting needs. 

These reliable, finely-built volume controls 
are made with any desired resistance gra- 
dient, in metal shell or Bakelite shell type, 
and with either wire wound or carbon ele- 
ment construction,single or tandem mounted. 
Resistance is 
designed to 
increase with 
either clock- 
wiseorcount- 


7 . / 
H er clockwise 

Ñ : knob rota- 
- = tion. Smooth | 


running,non- |- 
FROST-RADIO inductive and 


not affected by temperature or humidity changes. 


No matter what your volume con- 
trol requirements may be, Frost- 
Radio can meet them. Our long ex- 
perience and tremendous volume of 
production have placed usin aunique 
Position to be of service to you in 
supplying exactly what you want 
when you want it. 


Frost-Radio Wire Wound Resistors are made in four 
different sizes, all metal shell, with resistances ranging 
from fractional to 10,000 ohms, with or without D. C. 
battery switches . . . Frost-Radio Carbon Element Re- 
sistors are madein several types, Bakelite or metal shell 
cases; distinguished by low hop-off, in fractional ohms 
if desired; also may be combined with A. C. switch. `~ 


HERBERT H. FROST. Inc. 


Main Offices and Factory: ELKHART, INDIANA 
160 North La Salle Street, CHICAGO 


The Largest Manufacturers in the World 
* * of High Grade Variable Resistors + 9 
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Efficient Short Wave Receivers 


Must Use Correctly Proportioned 


Coils and Condensers 


Units Solve the Problem 


For exclusive amateur band re- 
ceivers use REL-Cat. 182 Coil Kit 
(3 coils and base) and REL-Cat. 
187E Condenser—adaptable to all 
circuits—will give full spread tun- 
ing on each of the popular bands. 


| For universal short wave recep- 
tion use REL-Cat. 229 Coil Kit 
(3 coils and base) and REL-Cat. 
| 181B Condenser—adaptable to all 


| circuits—covers every wavelength 
from 15-100 meters. 


Illustrates the REL Cat.—187E combined tank 
and vernier condenser—can be used to obtain 
full spread coverage of any desired ‘arrow 
frequency band, 


Illustrates the REL one-piece bakelite plug-in 
coil and base—-space wound—heavy enamel cov- 
ered wire—positive base contact. 


Full Information Gladly Forwarded upon Request 


or 


MANUFACTURES A COMPLETE LINE OF 
RED APPARATUS FOR SHORT WAVE TRANS- 
MISSION AND RECEPTION. 


Ay er 


RADIO ENGINEERING LABORATORIES 


100 Wilbur Ave. Long Island City, N.Y., U.S.A. 
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Prophecies - in old 
Madrid 


N OLD Madrid the Grandees 

of Spain went to the Gitanos, 
Spanish gypsies, to have their 
fortunes told. There, in the 
flickering light of a crude torch, 
the old woman of the tribe pored 
over the lines in aristocratic 
hands and muttered imprecations 
or promised future blessings 

The hands while proud 
of the modern Castilian fea- 
radio manu- tures reflected 
facturer bear scornful dis- 
no lines which belief. 
need the in- 
terpretations 
of a crone to tell him that this is a day of new developments. There is 
no disbelief, scornful or otherwise, in his features when he is told that 
his equipment must meet the demands of a highly competitive market. 
And usually he turns to Scovill for condensers and radio parts manu- 
factured in accor- 
dance with the 
latest and most 
efficient scientific 
developments. For 
he knows that 
Scovill service in- 
sures satisfaction. 


Every step in the manu- 
facture of Scovill Conden 
sers is under strict 
laboratory supervision. 


-WATERBURY CONNECTICUT 


New York PROVIDENCE San Francisco Boston 
Los ANGELES ATLANTA PHILADELPHIA DETROIT 
CLEVELAND CINCINNATI CHICAGO 


In Europe—Tue Hacue, HOLLAND 
When writing tọ advertisers mention of the Proceepincs will be mutually helpful. 
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Irs PRECISE! It’s RIGID! 
AND IT’S COMPACT 


Greatest 
Space Saver Ever Built 


NEW TYPE B. T. ARMORED CONDENSER 


This new condenser from the United Scientific Laboratories 
meets all the scientific requirements of present day radio desigr 
and construction. It is -he most convenient multiple tuning 
unit made for individual shielding work. For ultra precision 
electrical and mechanical perfection, compactness and harmony 
in design, this new type B. T. Armored Condenser outclasses 
and out-tests any other condenser on the -narket. Test this 
new tuning unit before making your condenser decision. Made 
in single, two gang, three gang, and four gang units of .00035 
míd. capacity and lower. 


Write for Samples, Prices and 
Complete Construction Details 


UNITED SCIENTIFIC LABORATORIES, Inc. 
115-C Fourth Avenue, New York City 


Branch Offices for Your Convenience in 


AIK 


IK 


St. Louis Los Angeles 
Chicago Philidelphia 
Boston San Francisco 


5 


Minneapolis London, Ontario 
Cincinnati $ 


O oc ent 
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Steinite 


ELECTRIC RADIO 


do M DURHAMS are $ood 


Model No. 102 


enough for this Great Receiver 


Y manufacturer can cut his parts costs, but it 

takes leadership to aim at quality reception as 
a means of winning a quality market, such as Steinite 
has done in a few short years. Steinite operates on 
the principle that you can get out of radio only what 
you put into it. And so Steinite means a quality circuit 
embracing every practical modern idea, not the least 
of which is DURHAM Resistors and Powerohms—the 
metallized resistances which are endorsed and used by 
leaders in every division of the industry. Durhams 
may cost a trifle more than average resistances, but 
experience has proved that their slight additional cost 
is cheap insurance against imperfect performance and 
against dissatisfied purchasers. Ask Steinite! We shall 
be glad to send engineering data sheets and samples 
for testing upon request. Please state ratings in which 
you are interested. 


THE LEADERS STANDARDIZE ON 
DURHAM RESISTANCES 


Metatti 


DURHAM Metallized RESIS- 
TORS and POWEROHMS 
are available for every prac- 
tical resistance purpose in ra- 
dio and television circuits, 500 
to 200,000 ohms in power 
types; 1 to 100 Megohms in 
resistor types; ratings for all 
limited power requirements; 
standard, pigtail or special tips. 


We METALLIZED ES) 
- E 


RESISTORS & POWEROHMS 


International Resistance Co., 2006 Chestnut Street, Philadelphia, Pa. 
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U.S. Patents 1,419,564; 
1,604,122; 1,697,954. 


Other patents pending. 
Foreign patents. 


FREE SHOP TEST SAMPLES 
SHAKEPROOF LOCK WASHER CO 
250) North Keeler Ave.. Chicago. lll. 


Please send me samples o; 
O Shakeproof Lock Washers to fit bolt size. ^ 
O Shakeproof Locking Terminals. size_ 


Sent Lock Washer Company 


Pa State_ = = vuan of Imo 
By __ — —— 2501 North Keeler Avenue Chicago, Illinois 
Type 11 External Type 12 Internal Type 20 Terminal 
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Standard or Special 


HAMMARLUND 
WORKMANSHIP 
Assures 
Condenser 
Perfection 


i e most advanced radio engineering 
produced the Hammarlund “Midline” 
Condenser. It has enjoyed more than three 
years of leadership because it was born a 
leader—the first embodiment of laboratory 
precision in a stock condenser model. 


Sturdy aluminum alloy frame; soldered brass 
plates, carefully aligned and fixed by tie- 
bars; cone and ball bearings; phosphor- 
bronze pig-tail; removable rotor shaft. In- 


When the standard Hammar- dividual and gang models. Also the new 
lund Equalizing and Neutral. “Battleship Midline"—the master of multiple 
izing Condensers do not fit tuning units, with sections matched to within 
into your receiver design, we M of one per cent. 

are prepared to make special 

ne either single or in All desirable gang sizes and capacity rat- 
gang, to your specifications. ings. 


Write us your needs. Hammarlund cooperation and 
facilities are yours for the asking. Address Dept. PE7. 


HAMMARLUND MANUFACTURING COMPANY 


424-438 WEST 33rd STREET, NEW YORK, N. Y. 
ammarlund 


PRECISION 


PRODUCTS 
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Engineering 
Co-operation 


Jefferson engineers, pio- 
neers in the field of trans- 
former development, are 
ready to assist in solving 
your transformer and choke 


problems, In our own 
modern research labora- 
tories—or working with 


your engineers— Jefferson 
engineers can offer valu- 
able aid in the design of 
your audio and power 
equipment. 


Protection in Peak 
Periods 


The Jefferson world- 
wide reputation for quality 
transformers and integrity 
in trade relations, com- 
bined with tremendous 
production capacity, is 
your assurance of a reli- 
able source of supply. 
During last year’s peak 
season, although besieged 
with outside business, not 
one of our customers was 
forced to seek another 
source of supply. De- 
liveries were made prompt- 
ly under all conditions— 
production schedules pro- 


tected. 
f 


E 
t 


power tube 


Jefferson ia um 


Transformers and Chokes 


Forseeing the present trend to- 
ward the use of new power tubes 
in receiving sets, Jefferson engi- 
neers have perfected a special 
transformer—and a wide choice 
of choke units—for co-ordinate 
use with the new 245 power tube 
and the 224 shield grid tube. 
Likewise, Jefferson audio trans- 
formers have been improved in 
design to make use of all the po- 
tentialities of these new tubes. 
Complete electrical specifications 
and quotations will be furnished 
reliable set manufacturers on re- 
quest. 


JEFFERSON ELECTRIC CO. 
1591 South Laflin Street Chicago, lll. 


PERFECTED 


for your new 


Jefferson Power Pack 
for use with the new 
245 and 224 tubes 


AUDIO and POWER TRANSFORMERS and CHOKES 
RRR Ss 
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For full utilization of radio energy, 
use PYREX Insulators throughout 


Perfect transmission or reception demands this, 


First: PYREX Antenna, Strain, Entering, Stand-off, 
Pillar and Bus-bar Types afford correct selections in 
the system. 


Second: PYREX Insulators are thoroughly impervious 
and compel the radio current to stay where it belongs. 


Third: Their super-smooth diamond-hard surface repels 
the soot, dirt and moisture deposits that invite leakage 
and impair quality, especially in wet weather. 


. S To know important differences between 
what your radio system should do and 

at what it actually does, send for and read 
Radio 


the PYREX Insulator booklet. Then if 
Insulators your dealer offers an inferior substitute, 
i insist upon PYREX Insulators and if 
demo necessary, buy from us direct. 
dme CORNING GLASS WORKS, Dept. 63 
| Industrial and Laboratory Division 
— 


CORNING, N.Y. 


T. M. REG. U. S. PAT. OFF. 


EX 


A MARK OF CORNING GLASS WORKS 


RADIO INSULATORS 
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PIONEER 


of the new 


A-C Sereen-Grid Tube 


AM AGO—the Arcturus A-C Screen-Grid Tube 
was placed with set manufacturers. TODAY— 
leading set manufacturers use this new Arcturus 
A-C Screen-Grid Tube as standard equipment. 

Arcturus pioneered this latest A-C Radio Tube 
development and is now building into the No. 124 
A-C Sereen-Grid Tube a full year's experience. 
Arcturus Tubes act in 7 seconds, give clearer 
reception as hum is banished, and they hold the 
world's record for long life. 

Insist on Árcturus Blue A-C Tubes in your A-C 
set. Your dealer has an Arcturus A-C Tube for 
every socket. Try them today—you’ll be amazed 
at the vast improvement. 


ARCTURUS 


BLUE scure TUBES 


ARCTURUS RADIO TUBE COMPANY ~ NEWARK, N. J. 
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ESPITE the fre- 
quent  reassur- 
ances of electric power 
companies that line 
voltages are positively 
maintained at all 
times; despite the fact 
that many set manu- 
facturers give no 
thought to line volt- 
ages; despite the prime 
requisite of low pro- 


Present A.C. heater 
tubes, particularly the 
screen-grid type, can- 
not stand excessive 
voltage. Secondary 
voltages of power 
transformer must be 
maintained within plus 
or minus 5 per cent 
which . tube . makers 
specify. Yet our sur- 
vey shows line voltage 


duction costs—you fluctuations of 30 per 
must face the problem OPAC sies cout" In. scc Do 
of fluctuating line volt- 

age! 


Remember, low voltage means poor performance and loss of sales. 
High voltage means frequent tube renewals, excessive service 
troubles, loss of customer good will, and adverse criticism of your 
engineering. 

Why not make your design complete? The cost is negligible. The 
increased sales will more than compensate for the addition. 


The LINE BALLAST CLAROSTAT is the ideal solution of this 
problem. A sturdy metal cartridge with plug-in terminals. Holds 
secondary voltages within plus or minus 5 per cent, even with line 
voltage fluctuating between 100 and 135 volts, or any comparable 
range. Designed for your specific transformer. Weighs only 3 
ounces. Rugged. Will outlast any set. Standard equipment in 
many leading sets and power amplifiers. And the public is now 
looking for an automatic line voltage control in the better grade 
radio sets. 


W^ it for data on the LINE BALLAST CLAROSTAT. To save time, 
ri € if you are a manu[acturer, send sample power transformer 
and we shall make up samples for your 
inspection and test. 


Clarostat Manufacturing Company, Inc. 


ux Specialists in Radio Aids 
[Rem ag 289 North Sixth Street ae Brooklyn, N.Y. 


Renen CLAROSTATZ Z7 
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a. 
We 


HAVE SERVED for 
SIXTEEN YEARS 


RACTICALLY since the beginning of 
the industry Formica has been making 
Laminated Pnenolic materials for American 


electrical organizations. 


The names of many of the leaders have been on 
our books almost from the beginning. 


This continued confidence can only be due to 
good and uniform materials promptly made and 
delivered. 


We have steadily added to plant and equipment 
- - - even now a new factory building which will 
house new producing tools is under construc- 
tion. 


THE FORMICA INSULATION CO. 
4646 Spring Grove Ave. Cincinnati, Ohio 


ORMICA 


Made from Anhydrous Bakelite Resins 
SHEETS TUBES RODS 
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This New Elkon Rectifier Eliminates the 
Power Transformer in 
Dynamic Speakers 


GAIN Elkon leads the field. The 
new Elkon D-30 Power Supply 
is the outstanding development of the 
year in rectifiers for dynamic speakers. 
This remarkable rectifier operates 
directly from the AC power line 
eliminating the Power Trans- 
former and reducing the cost of as- 
sembly. 


Supplied complete, ready to install, or 
the rectifier units (two required on 


each speaker) can be sold separately. 


Wonderfully efficient, quiet in oper- 
ation. The units can be replaced when 
necessary as easily as a tube is changed 
in a socket. 


If you have not already sent us a 
sample of your new speaker, do so at 
once. We will equip it with the new 


Elkon rectifier and return it to you Sod 


a 
E Fy 
promptly. OS SF 
P SF 
SU EP 
. S os 
s AS Né p 
ELKON, Inc SSES 6 
e “or ^d 
v : a gu ew s 
Division of P. R. Mallory & Co., Inc. ; s Ñ ^ ; 
« 20 4 
. * Bar 050 
3029 E. Washington St. P duit 42 
" ^ Sog A SD 
Indianapolis, Ind. SIONP 4 
6 y AO K 
S 4S 
P UOS 
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EN 7 a 


Lo 


In this manufacturer's 
newest model, Dudlo 
coils occupy the stra- 
tegic positions in all 
audio, power and speaker 
units. He is taking no 
chances on  slipshod 
coils again playing 
havoc with his reputa- 
tion. 


aa 


“Heres where we need 


Your help” 


N OT very long ago a prominent radio manufacturer 
unrolled a blue-print, and turning to the Dudlo 
sales engineer who stood by his desk, said: "Here's 
a job for you fellows at the Dudlo plant. We've had 
a lot of trouble with this power coil. Can't seem to 
get it to deliver the proper “B” voltages for these 
new tubes without overheating. Here's where we need 
your help . . . what can you do for us?" 


The Dudlo man's assurance that this manufacturer's 
coil troubles would be overcome proved to be fact. 
Now every radio that leaves the factory is equipped 
with a specially designed Dudlo power transformer 
coil, and all former complaints against voltage loss or 
overheating have automatically ceased. 


DUDLO MANUFACTURING COMPANY, FORT WAYNE, INDIANA 
Division of General Cable Corporation 


DUDLO 


THE COIL'S THE THING 


IN RADIO 
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Built for the 
QUALITY- MINDED 


ADJUSTABLE 
SLIDING 


gi CLIP 


TRUVOLT 
All-Wire 


" 4e, 
V 
Resistances 


While sharpening your pencil to 
figure prices, give a thought to 


QUALITY. 


Price isn’t everything, especially 
when you can have quality too, at 
the right price. 

Cotton in an “all-wool” suit doesn’t 
pay. In radio, likewise, only the 
best is good enough. 

When figuring on resistances for 
eliminators and power-packs, you 


can’t go wrong on TRUVOLTS. 


1676869 
Pending 


VW. S. Pat 
and Pats. 


TRUVOLT Variables 


Distinctive air-cooled open winding 
provides unusual ventilation and 
compactness. Voltages are accur- 
ate and stable. 


An exclusive Blectrad feature is the slid- 
ing clip contact, giving convenient 
adjustability of fixed voltages. 

Truvolt variables have a handy knob 
with a contact arm that travels endwise 
over the resistance wire. This gives 
unusually fine regulation and ee 
lessens wear. 


Both the fixed and variable Truvolts are 
made in 22 stock sizes for all average 
needs—and you'll like the prices. 

List $2.50 


We welcome the opportunity to cooperate in designing special 
units Our engineers and laboratory are yours to command. 


ELECTRAD 


RAALYIYYIY YAMIN Qa e IIS IIS ISIN PS ASASISISPSPSANI 


ELECTRAD, INC. Name 
Dept. PE7, 175 Varick St., 
New York, N.Y. 


Please send technical data on Tru- 
volt Resistances. 
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BUILT BETTER x 
CONDENSERS AND RESISTORS 


PREPAREDNESS PAYS 


T is safe to say that during the past year, more tempers were 
I ruined, more headaches were caused and more money was lost 
because of delayed deliveries than from any other one factor which 
causes the hair of purchasing executives and production managers 
to grow thin and gray prematurely. 


To meet the peak require- 
ments of radio receiver manu- 
facturers for quality condensers 
and resistors, the Aerovox plant 
has been increased to a total of 
45,000 square feet, with every 
facility to produce, at short 
notice, any reasonable quantity 


of condensers and resistors. 

To be assured of an unfailing 
supply of these units during the 
peak of the manufacturing sea- 
son, it is important that tentative 
production schedules be ar- 
ranged for, well in advance of 
actual requirements. 


Quality Condensers and Resistors 


N the Aerovox Wireless Cor- 

poration, radio manufacturers 
will find a dependable source 
for quality condensers and re- 
sistors. Aerovox paper con- 
densers are accurate, ruggedly 
made, have a high safety factor 
and are non-inductively wound, 
using 100% pure linen paper as 
dielectric material. They are 
thoroughly impregnated and 
protected against moisture. 


Aerovox mica condensers are 
the acknowledged standard mica 
condensers in the industry. 

A complete line of resistors 
for every requirement includes 
Pyrohm vitreous enamelled re- 
sistors in fixed and tapped com- 
binations, Lavite non-inductive 
resistors, Metalohm grid. leaks, 
wire-wound grid suppressors 
and center-tapped resistors in 
all standard and special values. 


A COMPLETE CATALOG containing detailed specifications 
of all Aerovox units, including insulating specifications of con- 
densers, current-carrying capacities of resistors and all physical 
dimensions, electrical characteristics and list prices of condensers 
and resistors will be sent gladly on request. 


AEROVOX WIRELESS CORP. 


80 Washington Street, Brooklyn, N. Y. =n | 
PRODUCTS THAT ENDURE 
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"If's great, 
Bill, 
since you removed the'ADENOIDS"" 


— And indeed it is. Bill knows the difference now between ordi- 
nary "radioed" music and that which the AmerTran Power 
Amplifier and Hi-Power Box gives him. And his friends do, as 
well. Bill performed the “adenoid” o eration on his set —and 
when you do — you will know what radio can be like. 


Take out the inferior audio system — replace it with the best 
that money can buy—and your set, no matter how old or out 
of date will be better in tone than the most expensive receivers 
on the market. 


The new AmerTran Power Amplifier push-pull for 210 tubes 
and the improved ABC Hi-Power Box will do the trick or if you 
do not want to spend that much 
money use the push-pull amplifier for 
171 tubes or a pair of AmerTran De 
Luxe transformers. Any AmerTran 
outfit will eliminate the adenoids. See 
your dealer or write to us today. 


AmerTran ABC Hi-Power A TRAN 
Box—500 volts DC plate volt- AA 


age, current up to 110 ma; $ 


li 
tuber for any sce Adiumible AMERICAN TRANSFORMER COMPANY 
bias voltages for all tubes. Transformer Manufacturers for more than 29 ycars 
Price, east of Rockies— less 
tubes— $95.00. 86 Emmet St. Newark, N.J. 
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WHOLESALE RADIO 
HEADQUARTERS 


Keep Abreast of the 
New Developments 
in Radio 


No industry in the world’s history has at- 
tracted so many inventors and experimenters { 
as the radio industry. Something new is 
always on tap. Contrast the old wireless 
days with the modern electrically operated : D 
talking radio. Think of what is still to Ui XXII m i — i 
come when perfected television, telephony, : á 
short wave control, etc., are fully realized. 


In keeping with the policies of Wholesale 
Radio Headquarters (W. C. Braun Com- 
pany), our service lies in testing out and 
determining which of these newest marvels are 
practical, salable and usable for the greatest num- 
er. Our task is to study the multitude of new 
merchandise, select those items that are thoroughly 
proved and reliable, and make it easy for the public 
to secure these while they are estill new. 


NEW LINES 
FOR THE SUMMER 


A huge and varied line of standard radio merchan- 
dise is carried in stock for quick shipment to all 
parts of the country. This service assures the 
dealer and set builder of everything he needs, all 
obtainable from one house, without shopping around 


RADIO SETS, KITS, PARTS 
SHORT WAVE, TELEVI- 
SION, SPEAKERS, 
SUPPLIES, PORTABLE 


at dozens of different sources. It saves considerable RADIOS and 
time, trouble and money. For example, when you PHONOGRAPHS 
want a complete radio set or parts for a circuit, AUTO TIRES and 
you also will want a cabinet, loud speaker, tubes ACCESSORIES 


and other supplies and accessories. You know that 
at Braun's you can get everything complete in one 
order, and thus save days and weeks of valuable 
time, besides a considerable saving in money. 


ELECTRICAL GOODS 
Wiring Fixtures, Etc. 


SPORTING GOODS 


Outing Clothing, Baseball, 
Golf Goods, Etc. 


New Lines for the Summer Months 


Here, all under one roof, is carried the world’s 
largest stocks of radio sets, kits, parts, furniture, 
speakers and accessories for the radio season, port- 
able radios and phonographs for summer trade and 
a complete line of auto tires, tubes and supplies, 
electrical and wiring material, camping and outing 
equipment, tents, golf goods, sporting goods; in 
fact, a complete merchandise line to keep business 
humming every day, every week and every month 


in the year. 
Do You Get Our Catalog? 


If you don’t receive our catalog, by all means send us a request on your letterhead 
to insure getting each new edition as promptly as it comes out. Braun’s Big Buyers’ 
Guide is crammed full of bargains and money-making opportunities that you cannot 
afford to pass up. 


HOUSEHOLD 
SPECIALTIES 
Vacuum Cleaners, Phono- 
graphs, Electrical Toys 


RAUN 


Pi oneer$ in fiadio 
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Continental Resistors 


Durable dependable, simple in structure and give a 
minimum of resistor trouble. 


Type A for grid leaks and 
light power purposes. Will 
dissipate 14 watt safely. 


Types W and X for greater 


power dissipation. 


All types furnished in any re- 
sistance value desired. 


In use continuously for a number of years by the 
largest manufacturers. 


Types E2 and D2 fur- 
nished with wire leads 
soldered to coppered 
ends, are for soldering 
permanently into posi- 
tion in apparatus where 
they are to be used. 


E2 


Samples for test sent on receipt 
of specifications. 


CONTINENTAL CARBON INC. 
WEST PARK, CLEVELAND, OHIO 
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Three men 
who are making 
radio-tube history 


N. O. Williams. One 


Ernest Kauer. The man of the world’s leading 


whose scientific experi- 
ments produced the first 
practical screen-grid tube 
for use in A.C. sets. Also, 
under his direction CeCo 
engineers have produced 


authorities on radio tube 
construction. Formerly 
Factory Chief Engineer of 
the Westinghouse Lamp 
Works in charge of the 
tube divisions. 


many other tubes of special 
design that can beobtained 
only from the CeCo Manu- 
facturing Company. 


HESE three men are the operating 
executives of the CeCo Manufactur- 
ing Company. They have recently com- 
pleted a new factory that provides 
120,000 square feet of floor space and is 
equipped to turn out 45,000 tubes a day. 
This is the largest factory in the world 
devoted exclusively to research and manu- 
facture of radio tubes. 
Recent tests of CeCo Tubes by four 
impartial laboratories show that CeCo 
Tubes have 30% to 50% longer life. 


Licensed under patents and applications of the Radio 
Corporation of America, General Electric Company, and 
the Westinghouse Electric and Manufacturing Company. 


John E. Ferguson. The 
man who invented and 
perfected the high speed 
machines for the testing 
and seasoning of radio 
tubes. He is responsible 
for many of the most im- 
portant improvements in 
tube manufacture in the 
past 10 years. 


This AC224 Screen Grid 
Tube was developed and 
perfected by CeCo over a 
year and a halfago. Recent 
market surveys indicate 
that this tube will be an 
outstanding leader during 
the coming season. 


CeCo Manufacturing Co., Inc. 


PROVIDENCE, R. I. 
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THE NEW 
“SEVEN SEAS” CONSOLE 


A new design by C. R. Leutz 
using 3 A/C screen grid 
radio frequency stages, all 
tuned; power detector; initial 
audio stage and push pull 
power audio amplifier for 
either two 210’s or two 250's. 
Split, single dial control; 
100% scientific shielding; 
dynamic loud speaker and 
an adjustable selectivity de- 
vice. 


The result, a night range loud 
speaker volume of from 500 
to 1,000 miles using an in- 
door aerial only a few feet 
long, great selectivity and the 
very finest quality of repro- 
duction. 


Custom Built By 


View of the radio frequency 
and detector chassis showing 
the efficient shielding arrange- 
ment resulting in a minimum 
of losses. Condensers also 
totally shielded. Power audio 
amplifier and power pack are 
in separate chassis. 


C. R. LEUTZ, Inc. 


LONG ISLAND CITY, NEW YORK 
Cables “Experinfor’ N.Y. 


LITERATURE ON REQUEST 
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can you use? 


A complete treatise, incorporating the 


most advanced technical informatioa 
on the use and fabrication of lami- 
nated bakelite . . . written especialby 
for enginee-s, production managers 
and mechanics whose work requires 
a thorough knowledge of msulatirg 
materials. This Vest Pocke: Manual 
on Phenolite, laminated bakelite, is 
just off the press, and free tothose who 
need it. How many can you use? 
Write us today. 


A 


A i AS AN 4 


NATIONAL VULCANIZED FIBRE COMPANY 
WILMINGTON, DELAWARE, U.S.A. 
Offices in Principal Cities 
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The rapid development of screen grid tubes 
and the marketing of screen grid receivers by large 
radio manufacturers demands a set analyzer for 
testing screen grid sec. 


With the keen foresight which has charac- 
terized Jewell efforts in the radio service field, 
iq Engineers have already solved this prob- 
em. The New Jewell 199 Set Analyzer is 
equipped to test screea receivers. 


Through a remarkable engineering achieve 
ment, this valuable feature has been added to the 
199 without increasing the selling price. Today 
radio dealers and servicemen can get a Jewell 
199, equipped for testing screen grid receivers, 
at no extra cost. 


HE New Jewell Pattern 199 Set Analyzer an- 

swers every requirement of accurate and rapid 
radio service. It is the same unit which has proved 
so popular with radio servicemen everywhere, plus 
the provision for testing screen grid sets. 


Encourage your dealers and servicemen to equip 
themselves with Jewell 199's and pave the way to satis- 
fied customers and profitable sales by making service 
calls on radio users. It is the most profitable way 
to utilize their spare time during the summer months, 
and is a sure road to accessory sales and leads to 
new set sales. Sold by radio jobbers everywhere. 


JEWELL ELECTRICAL INSTRUMENT 
COMANY 
1650 WALNUT ST., CHICAGO, ILLINOIS 


29 YEARS MAKIN 
UL BLA 1 
| 


mn 


umni mill 


G GO 
LI 


OD INSTRUMENTS 


The Jewell system of radio service 
eliminates guesswork, Write today 
for copy of the Jewell ''Instruc- 
tions for Servicing Radio Receiv- 
ers," which contains accurate serv- 
ice data on sets of leading manu- 
facturers. 


Write for 
this booklet 


Ë. 


199 SET ANALYZER 
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Potter 


True-Tone Electrostatic 
Reproducer 


NEW DESIGN 
NEW PERFORMANCE 
NEW APPEARANCE 


THE SENSATION 
OF THE 
R.M.A. SHOW 


POTTER 


Electrochemical 
Condensers 


for 
High and Low Voltages 
Ideal for Filter Blocks 


(Edelman Patents) 


The Potter Co. 


North Chicago, Illínois 


A National Organisation at Your Service 


When writing to advertisers mention of the ProceEpincs will be mutually helpful. 
XLV 


Engineering 


Frankness in 
Advertising 


S the oldest manufacturer of 

screen-grid apparatus among all 
RCA licensees, Silver-Marshall has 
carried boldly into the complete-set 
field its policy of revealing at once to 
the radio engineering fraternity all 
technical information and performance 
data applying to SILVER RADIO. 
This data was printed in the 67,000 
copies of the S-M house-organ, the 
RADIOBUILDER, on May 15th, as 
well as in Radio Broadcast for June 
and Radio News for July. 


Silver-Marshall screen-grid engineering 
is so far in advance of less experienced 
competition that .it can afford to be 
frank in its disclosures. 


SILVER RADIO Lowboy (illustrated): eight tubes including four 224's; price $160.00. 
SILVER RADIO Highboy is electrically identical, but the cabimet (larger) has sliding 
doors; price $195.00. Slightly higher west of the Rockies. 

Average sensitivity, 1.2 to 2.2 microvolts per meter, over all; fidelity curve practically flat 
from 100 to 4000 cycles; selectivity ratio 12 kc. off resonance at 550 kc., 200:1. 


Chilver Radio 


While SILVER RADIO is strictly a completely-manufactured product, Silver-Marshall will 
not discontinue the manufacture of S-M parts, but instead will continue to present to 
experimenters the very finest parts the market affords, as well as $-M RC A-licensed receivers 
of advanced type, assembled from them in accordance with fully-published constructional 
details. The very latest developments of the $-M laboratories will continue to be described 
in the monthly RADIOBUILDER ; if you are not getting it regularly, ask for a sample copy. 


SILVER-MARSHALL, INC. 


6411 West 65th Street, Chicago, U. S. A. 
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RCA Radiotrons enjoy complete national ac- 


ceptance because of their quality, uniformity 


and dependability. They are the recog- 


nized standard of vacuum tube manufacture. 


RADIOTRON DIVISION 


RADIO-vICTOR CORPORATION OF AMERICA 


New York 


IRCA RADIOTRON 


BY THE MAKERS OF THE RADIOLA 


Chicago Atlanta Dallas San Francisco 


MADE 
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Cat 


Precision 
Torsion 
Balances 


These balances are 
made in ranges from 
0-6 milligrams to 0-50 
grams. They are re- 
commended for the 
weighing of lamp fila- 
ments and other mass- 
es within their range. 


They are direct read- 
ing, have scales 10” 
long and are accurate 
within one fifth of one 
per cent of full scale 
value at any point on 
the scale. 


Suitable check weights 
are available. 


Send for Bulletin No. 
K-240, which gives all 
details. 


“Over thirty years’ experience is back of Roller-Smith" 


OLLER-SMITH COME. 


Electrical Measuring and Protective Apparatus] 


Main Office: 
2134 Woolworth Bldg. 
NEW YORK 


Works: 
Bethichem, 
Pennsylvania 


Offices in principal cities in U. S. A. and Canada. 


Representatives in Australia, Cuba, Japan and Philippine Islands. 
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JeJur-Amsco 


MULTIPLE CONDENSERS 
WITH DIAL ASSEMBLY 


ilillliti 


pur rmm 


HESE DeJur-Amsco Multiple Condensers with dial 

assembly completely matched and balanced are great 
cost cutters and space savers. They cut your costs because 
they come to you completely assembled ready to incorporate 
in your receiver, thus saving time in construction. They 
save space because they are compact, combining this feature 
of compactness with precision and rigidity. If you want to 
speed up your production and cut your costs, have your 
engineers try out this new DeJur-Amsco tuning assembly. 


1 to 4 Gang Units Without Dial. 
2 to 8 Gang Units With Dial. 


Write for sample, prices and engineering 
data. Let us quote on your specifications. 


DeJur-Amsco CORPORATION 


Condenser Headquarters 
BROOME & LAFAYETTE STS., NEW YORK CITY 
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ELECTROSTATIC CONDENSERS 
FOR ALL PURPOSES 


FOR SERVICE 


Jaradon 


THE 
ACCEPTED 
STANDARD 


WIRELESS SPECIALTY APPARATUS COMPANY 
JAMAICA PLAIN, BOSTON EST. 1907 
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DELIVERY 


DELIVERY WILL BE THE ISSUE 
THIS SEASON. WE ALREADY 
HAVE A LARGE SURPLUS OF 
PAPER AND FOIL SET ASIDE 
FOR RESERVE AND WILL 
CONTINUE TO UPHOLD OUR 
PROMISES AS HERETOFORE. 


OUR CONDENSERS HAVE 
PASSED EVERY ACCEPTANCE 
TEST CONDUCTED 
THIS YEAR. 

IF YOU HAVE NOT ALREADY 
DONE SO SEND YOUR SPECI- 
FICATIONS TO US 

IMMEDIATELY. 


Ki Nor 
7 1 
J ` 
At- 
» " 


CONDENSER CORPORATION OF AMERICA 
259-271 CORNELISON AVE. JERSEY CITY, N.J. 
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PROFESSIONAL ENGINEERING DIRECTORY 
For Consultants in Radio and Allied Engineering Fields 


A 


The J. G. White Electrical Testing 


Engineering Corporation Laboratories 
RADIO DEPARTMENT 


also 
Electrical, Photometric, 


Engineers—Constructors 
Builders of New York Radio 


Central E z 
f Chemical and Mechanical 
Industrial, Steam Power, and Gas L b : 
Plants, Steam and Electric Rail- aboratories 


roads, Transmission Systems. 80th Street and East End Ave. 
43 Exchange Place New York NEW YORK, N. Y. 


Amy, Aceves & King, Inc. PATENTS 


Consulting Engineers 


WM. G. H. FINCH 


Radio Transmitters, Receivers and Sound Patent Attorney 
Reproducing Apparatus (Registered U. S. & Canada) 


DESIGN—TEST—DEVELOPMENT 


Research Laboratories Mem. I. R. E. Mem. A. I. E. E. 
55 West 42nd Street, New York 
Longacre 8579 


303 Fifth Ave New York 
Caledonia 5331 


Complete Line of For EXPORT of material 
RARO aes TONG: made by: 
RODS A INSULATI Allen D. Cardwell Mfg. : 
MATERIALS eae HP) 


Drilling, Machining and Engraving to Corning Glass Works 


Specifications Dubilier Condenser Corp. 
TELEVISION KITS, DISCS, NEON aa lu 
TUBES, PHOTO ELECTRIC CELLS Raytheon Mfg. Co. gs 
AND ALL PARTS United Scientific Labs. 
Write for Catalog Weston Electrical Inst. Corp. 
Insuline Corp. of Amerca apply to 
78-80 Cortlandt St., N. Y. AD. AURIEMA, INC. 


Cortlandt 0880 116 Broad Street, New York, N. Y. 


—————— 


JOHN MINTON, Ph.D. 


Consulting Engineer 
for 


BRUNSON S. McCUTCHEN Developing — Designing — 


5 " " Manufacturing 
Consulting Radio Engineer of 


Radio Receivers, Amplifiers, Transform- 
17 State Street ers, Rectifiers, Sound Recording and 
Reproducing Apparatus. 


NEW YORK Radio and Electro-Acoustical 
Laboratory 


White Plains, N. Y. 


8 Church St. 
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PROFESSIONAL ENGINEERING DIRECTORY 


For Consultants in Radio and Allied Engineering Fields 


(Continued) 
4th Edition 
Thoroughly Revised—Up-to-Date WANTED 
“RADIO THEORY AND 
OPERATING” The Macy Corporation needs Radio En- 
992 Pages 800 Illustrations DAS = parte ofrene EA States 
or making Group ress Installations. 
By MARY TEXANNA LOOMIS If interested, file your name, address, 
President and Lecturer on Radio training, experience and references, with: 
Loomis Radio College 
Member Institute of Radio Engineers Public Address Division 


Price $3.50—Postage Paid Macy Manufacturing Corp. 


LOOMIS PUBLISHING CO. 1451-39th Street, Brooklyn, N.Y. 
Dept. 6, Washington, D.C. 


CHI-RAD since 1921 has offered 


RADIO ENGINEERS the experimenter and engineer 
m. the best apparatus that could be 
Ten dollars will introduce you had. Supplies for transmitting 
directly to over 6,000 technical and reception. 
men, executives, and others with Write for Catalog 


important radio interests. For 


details write to CHICAGO RADIO 


APPARATUS COMPANY 
. 415 South Dearborn St. 

Advertising Dept., I.R.E. RINES 

Harrison 2276-7 


E.E. with 10 years of Radio En- EDGAR H. FELIX 
gineering Experience and 4 years Broadcast Consültant 
of Research Work on radio and 

dio f B t Federal Radio Commission cases—Broad- 
au 10 Ge Ce ete E connec: casting Station sales problems—Special 
tion with established radio or investigations in visual transmission— 
talking picture concern for de- Utilization of broadcasting by advertisers. 


velopment and research work. SaDorentis Avenue 


Address: Box 828 I.R.E. Ridgewood, N. J. 


RADIO ENGINEERS 


Your card on this new professional 
card page will give you a direct in- 
troduction to over 6,000 technical 
men, executives, and others with 
important radio interests. 


Per Year (12 issues) $120.00 
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KEEP PACE WITH THE NEWEST! 


EVEREADY 
RAYTHEON wees 
ror TELEVISION 


AND TALKING PICTURES 


Eveready Raytheon Kino-Lamp 


Eveready Raytheon Foto-Cell 


ARE OF PROVED DEPENDABILITY 
AND PERFORMANCE 


THE Eveready Raytheon 
Kino-Lamp for Television re- 
ception is the first tube devel- 
oped commercially which will 
work with all systems. 

With its uniform glow over 
the entire plate... tested per- 
formance . . . long life... 
perfect reproductive qualities 

. the Eveready Raytheon 
Kino-Lamp is a great step for- 
ward in Television. 

The Eveready Raytheon 
Foto-Cell is a long-life trans- 
mitting tube for Television. 
Used also for talking pictures. 
Made in two sizes, either hard 


vacuum or extra-sensitive: gas 
filled. 

Correspondence is invited 
from everyone interested in 
Television. Foto-Cells to spe- 
cial specifications will be 
made at reasonable prices. 


NATIONAL CARBON CO, INc. 
New York, N. Y. 


and Carbon 


nit o. 
Union Carbide (>) | Corporation 


RAYTHEON 


What counts like 
tone. 


In the last analysis the customer's yard- 
stick is the one by which radio values will 
be measured. In his judgment tone quality 
comes first. 


The audio end of the set controls the final 
perforinance—so transformers and speakers 
can make or mar a receiver. 


T.C.A. products meet their responsibility 
squarely. They deliver the goods. In per- 
fection of design and construction, they ful. 
fill the most exacting demands of your de- 
signing department. 


Completely manufactured . . . rigidly in- 
spected . . . carefully tested . . . and 
through controlled volume production, 
offered at a price no higher than you pay 
elsewhere. 


A Dynamic of ex- 
Chokex—all types ceptional sweetness 
x and volume... 
substantial . 
beautiful . . . pos- 
sessing many exclu- 
sive developments. 


-— ow Write for details. 


TRANSFORMER CORP. OF AMERICA, 2301-2319 South Keeler Ave., CHICAGO 
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Reconsider your Coils in the Light 


of these New Standards 


Whether you buy coils or wind your 
own, it will be worth your while to find 
out whot the Rome Precision Process of 
Winding means to you. 

Rome is now producjng o wide va- 
riety of fine and heavy wire coils to 
meet all requirements. 

Of special interest is the Rome Proc- 
ess of Winding heavy wire coils,— 
which represents o distinct deporture 
from prevailing proctice. It hos shorp 
influence on both costs and perform- 
once. It effects economies that reach 
beyond the coils themselves and ex- 


tend to ports of the device into which 
the coils fit. 

Rome Coil Engineers, in command 
of the principles of this new process, 
ore onxious to demonstrate specificolly 
what it will do for you. 

Beoring in mind the cumulative value 
of economies projected into the yeors 
ahead, you owe it to your cost figures 
ond performance records to investi- 
gote Coils by Rome. 

ROME WIRE COMPANY 


Division of General Cable Corporotion 
ROME, NEW YORK 


ROME PRECISION colls 
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NEW 


e 


WAVEMETER 


"ss AERO WAVEMETER was designed for the radio amateur and the experi- 


menter. 


It is of rugged mechanical and good electrical construction and meets 


the exacting requirements of the properly conducted amateur station. 


Using the principle of the "'series gap'' condensers, and having a definite fixed minimum 


capacity, the amateur wavelength bands are spread over a great many dial divisions. 


The 


velvet vernier dial has 100 divisions, cach of which may be read to one-tenth of a division. 
The 5-meter band covers 40 dial divisions; the 10-meter, 40 divisions; 20-meter, 17 


divisions and the 40-meter band, 25 divisions. 


For the 80-meter band, two coils are 


used. One (72 to 82 meters) covers 45 divisions, and the other (80 to 90 meters) 


covers 65 divisions. 


Each coil, excepting the 5-meter, uses No. 
of the bakelite tubing. 
Aero heaw 
black crackle finish. 


20, 50 and 80 meters. 


18 enameled wire tightly wound into grooves 
The tubing has a % in. wall and is 2 in. in diameter. 
duty plugs and jacks make positive contact. 
The 3/16 in. black bakelite to 

rolling. Each wavemercr is individually hand calibrated. 
5- and 10-meter coils extra, 


The 
The hayy brass case has a 
is hexagona 


eo ndara coils are $24.00 


Aero Listening Monitor 


The Aero 
Listening 
Monitor en- 
ables any am- 
ateur transmit- 
ter to check 
his own note, 
to know 
whether it is 
pure D.C. or 
It is a safe, sure and accurate way 


not. 
of knowing your station without depending 


upon the reports of others, Watchin, 
ammeter won't help you—you nee 


the 
the 


Aero Monitor to be absolutely positive. 
The Aero Monitor is a pea shielded 
unit encased in a black metal cabinet, size 
9 x 515 x 215 in. Filament and B supply 
is included. It operates with a UX-199 
gne of tube and employs a stable circuit, 
elivering a signal intensity of about R-4 
or 5. uipped with automatic filament 
control. he battery supply is thoroughly 
shielded from the R.F. A reliable, scien- 
tific instrument. Ship. wt., about 21⁄2 Ibs. 


Model M-29 Aero Monitor. Including Dry 
Batteries, but no tube. List Price. $15.00 


Other new and startling short wave products now in preparation. 
Write for advance tnformation. 


AERD Prepuc 


INCORPORATED 


4611 E. Ravenswood Ave., Dept. 2379, Chicago, Ill. 
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View ufi Grebe CR-18 Special Short Wave Receiver 


Short Wave 
Exploration 


For radio explorers who like to 
drop in on the far places via short 
waves, we suggest a CR-18 Special. 
Built by radio pioneers for fellow 
enthusiasts. 


The set provides two stages of 
audio, making it adaptable to the 
use of a power tube for loud speaker 
operation. And a single adjustment 
gives volume control from headset 
level to full audio ou:put. 


A. H. GREBE & CO., INC. 
Richmond Hill. N. Y. 
Western Branch: 


443 So. San Pedro St., Los Angeles, Calif, 


g REB 
Aum SYNCHROPIASE, 


RADIO 


MAKERS OF QUALITY RADIO SINCE 1909 


Thermionic (Vacuum-Tube) 
Voltmeter 


A calibrated, readily-portable vacuum-tube voltmeter has 
many uses in the laboratory where measurements are being made 
at audio and the lower radio frequencies. The Type 426-A 
Thermionic Voltmeter with a range of 0-3. volts weighs but 11 
pounds (without batteries). 


Details 


Meter uses the bridge circuit. 
Calibrated to within 0.5% in r.m.s. volts. 


Calibration good over entire audio-frequency range. Error at 20 
kilocycles less than 2% of full scale, at 300 kilocycles less than 
3% of full scale. 


Small waveform error. A 20% third harmonic produces an 
error of only 0.4% in the meter reading. 


Batteries may be either external or placed within the cabinet, 
only 22.5 volts being required. 


GENERAL Rapio COMPANY 


Manufacturers of Electrical and 
Radio Laboratory Apparatus 


30 STATE STREET CAMBRIDGE, MASSACHUSETTS 


GEORGE BANTA PUBLISHING COMPANY, MENASHA, WISCONGI® 


